March  1990 
Volume  35,  Number  3 

ISSN  009891 42-RECACP 


A  MONTHLY  SCIENCE  JOURNAL 
35TH  YEAR— ESTABLISHED  1956 


Call  for  Abstracts 
1990  Open  Forum 


Alternative  Methods  of 
Humidlfication  during 
Nasal  CPAP 

Schering  Symposium  Papers: 
Management  of  Respiratory 
Failure  in  the  1990s 

Extracorporeal  CO:  Removal 
for  ARDS  Patients 

The  Ventilator  of  the  1990s 

Pharmacologic  Strategies  for 
Treating  ARDS 

Home  Mechanical  Ventilation 
in  the  1990s 

The  Quest  for  a  Red  Blood  Cell 
Substitute 

Asthma  and  Bronchitis:  A  Shift 
of  Therapeutic  Emphasis 


Stop  fQtering 
through  a  lot 
of  different 
products. 


Puritan-Bennett  has  a  family  of 
tfiree  main  flow  filters  to  meet 
virtually  any  of  your  needs. 

Our  new  OmniFilter  is  a 
reusable,  all-purpose  filter  for 
both  machine  outlet  inhalation 
and  heated  filter  exhalation 
limb  applications.  It's  durable 
enough  to  withstand  100  auto- 
clavings  and  still  deliver  up  to  a 
full  year  of  service. 

There's  our  Main  Flow  Bacteria 
Filter.  It's  been  one  of  the  most 
popular  reusable  inhalation 
filters  for  over  a  decade. 

Our  Single-Patient  Use  (SPU) 
Disposable  Filter  for  heated 
filter  exhalation  applications  has 
been  equally  popular.  Low-cost 
and  disposable,  it  minimizes  the 
possibility  of  bacteria  venting 
into  the  room  and  protects  your 
ventilator  components. 

Puritan-Bennett  filters. 
For  every  application. 
Call  1-800-255-6773. 


Quality  engineered  to 
improve  with  age. 

\md'~l  BENNETT 


Orel*  88  on  r««d«r  ••rvic*  card 


Affordable  Quality 
At  A    ^       ^ 
Disposable     « 
Price  * 


Puritan-Bennett  introduces  ttie  DMR,  a  disposable  manual  resuscitator,  wtiose 
reliability  and  affordability  outstiine  ttie  conripetition.  Ttie  DMR  tias  all  ttie  major  features 
of  its  reusable  parent,  ttie  PMR  2. 

100%  functionally  tested 

•  performance  meets  ASTM  Standard  F-920 

•  wide  operating  temperature  ranges  from  - 1 8'C  to  +54°C 

•  available  in  two  sizes  (adult  and  ctiild)  withi  five  different  size  masks 

•  expandable  oxygen  accumulator  for  compact  storage,  ease  of  use  and 
increased  patient  FIO2 

Ttiis  proven  design  warrants  your  evaluation.  Call  1  -800-255-6773  for  additional  r^ 
information  or  to  obtain  a  demonstration.  Lhl 
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INTRODUCING  QUINTON'S  MASTERLAB 

Complete  Pulmonary  Function  Testing  our  commitment  to  unparalleled 

quality  has  made  Quinton  the  leader  in  cardiopulmonary  stress  testing.  With  the  introduction  of  Quinton's 
MastcrLab  PFT/Body  Box  System*  we  now  bring  that  commitment  to  pulmonary  function  testing. 
MasterLab  incorporates  the  features  and  flexibility  demanded  by  PFT  labs  insisting  on  accurate  and  reliable 
performance.  MasterLab  provides: 


Modular  Design  -  Purchase  only  what  you  need 
now  and  add  to  your  system  as  your  needs  grow. 

Advanced  Computer  -  IBM  compatibility 
protects  against  computer  obsolescence.  Color 
monitor  and  printer  are  standard. 

Ease  of  Operation  -  MICROSOFT  Windows 
simplifies  operation  and  allows  you  to  concentrate 
on  the  monitor.  Help  screens  provide  additional 
on-screen  operational  instructions. 

Wide  Variety  of  Tests  -  Including  flow-volume 
loops,  slow  VC,  MW,  single-breath  DLCO,  helium 
FRC,  airway  resistance,  and  TGV. 

Custom  Report  Formats  -  You  can  design  and 
store  up  to  100  report  formats  with  complete 
report  content  flexibility. 

Cross  Contamination  Control  -  With  a  simple 
flip  of  a  lever,  you  can  remove  the  patient  valve 
block  for  cold  sterilization.  Bulky  hoses  arc  a  thing 
of  the  past. 


Service  -  A  nationwide  network  of  factory-trained 
field  service  engineers  will  keep  your  equipment  in 
peak  operating  condition  and  assures  that  any 
unforeseen  problem  will  be  quickly  resolved. 

'MasterLab  is  manu&cturcd  by  Jaeger  to  Quinton  specifications. 

For  more  information,  contact  your  local 
Quinton  sales  representative  or  call  TOLL  FREE: 

Quinton  Instrument  Company 

2121  Terry  Avenue;  Seattle,  WA  98121-2791 

Telephone:  206/223-7373 

Telex  3794094  QUINTON  SEA 

FAX  206/223-8465 

USA  and  Canada  call  toll  free: 

Domestic  Sales  800/426-0347 

Canada  Sales  800/633-2888 


Quinton 

An  /4'H'[^0BINS  Company 
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GEM-STAT... 

The  new  alternative  to  the  high 
cost  of  establishing  and 
operating  a  stat  lab. 

Now— finally— there  is  an  alternative  to  expen- 
sive Stat  lab  services.  Introducing  GEM-STAT. 
Ttie  portable,  bed-side  systenn  ttiat  delivers  lab- 
quality  blood  gas  and  electrolyte  analyses  wtien 
and  where  you  need  them ...  in  less  than  two  min- 
utes. The  result;  convenient,  time-saving,  quality- 
controlled  on-site  measurements  that  eliminate 
lengthy  turnaround,  save  valuable  space,  and 
reduce  personnel  costs. 

Lab  Quality  Results 

Proven  sensor  technology  has  been  miniaturized 
and  packaged  WITH  calibrating  reagents  in  a 
sealed,  disposable  cartridge,  which  means  you 
NEVER  have  to  handle  sensors  or  add 
calibrators. 

Quick,  Comprehensive  Analysis 

In  less  than  2  minutes,  receive  results  for  POj, 
PCO2,  pH,  K+,  Ca+  +,  Na+,  Hct,  HCO7,  BE, 
TCO2, 3"<^  O2SAT  from  a  single  0.5cc  whole 
blood  sample. 

Complete  Quality  Assurance 

Independent  Quality  Control  solutions,  complete 
sample  documentation,  and  laboratory  com- 
puter interface  capabilities  mean  GEM-STAT  can 
meet  the  most  rigorous  laboratory  standards. 

Reduced  Labor  Requirements 

The  unique  disposable  cartridge  analyzes  up  to 
50  profiles,  each  with  just  the  push  of  a  button. 
Changing  the  cartridge  is  all  that  is  required  to 
ready  the  system  for  the  next  50  profiles.  No 
other  maintenance  is  required. 

Portability 

GEM-STAT's  small  size  (9"  x  18"  x  9")  and  light 
weight  (27  pounds),  and  its  self-contained 
design  mean  it  can  go  where  you  need  it:  *ICU, 
•ER,  'OR,  'Recovery, 

To  learn  more  about  this  new,  cost 
saving  alternative  to  a  traditional  stat 
lab,  call:  1-800-262-3654.  In  Michigan, 
call  313-973-7000.  Or  write: 


Mallinckrodt 


>     > 


ifiiit         irirff 

1230  Eisenhower  Place 
Ann  Arbor,  Ml  48108 


Do  you 


really 


need 


a 


stat  iaJD  •  •  • 
or  just  stat 
results? 
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Fast  Action,  Fast  Relief  in  Asthma 


(metaproterenol  sulfate) 
■  '    '"%n  Solution 

%^itg|ose0.6%and0.4% 


art  intermittent  *siS»i|5rfflsure  breathing  apparatus  (IPPB)  and  by  tiand-bulb 

nebitoers  sigoillcantimpTovement  (15.%  or  greater  Increase  in  FEV,)  occurred 

"^  tB30^inutes  and  persisted  for  periods  varying  from  2  to  6  hours 

e  see  following  paje  loi  brtel  summary  ol  prescribing  mloimalion 
\      Circle  105  on  reader  service  card 


Fast  Action,  Fast  Relief  in  Asthma 

Alupenf 

(metaproterenol  sulfate) 


Tablets  Inhalation 
10  and  Aerosol 
20  mg  15  ml' 


Syrup 
10mg/5ml 


Inhalation 

Solution 

5% 

10  ml  and  30  ml 


Inhalation 
Solution 

Unit-dose 
Vials  0  4%  and  0  6% 


'15  mg/ml  (each  metered  dose  delivers  0  65  nng  nwtaproterenol  sulfate) 
Brill  Summary  of  Pnicrllilng  Inlormatlon 

C0NTFUUN0ICAT10NS  Use  in  patients  with  cardiac  arrtiythmias  associated  witti  tachycardia  is 
contraindicaied 

Although  rare,  mmediaie  hypersensitivity  reactions  can  occur  Therefore  Alupent'  (metaproterenol 
sulbkUSP)  IS  contraindicated  in  patients  with  a  history  ol  hypersensilivily  to  any  ot  its  components 
VMNMGS  Excessive  use  ol  adrenergic  aerosols  is  potentially  dangerous  Fatalities  have  been 
reported  following  excessive  use  of  Alupenl'  (metaproterenol  sulfate  USP)  as  with  other  sympathomi- 
metic inhalation  preparations,  and  the  exact  cause  is  unkncwn  Cardiac  arrest  was  noted  in  several 
cases  Paradoxical  tronchoconstriclion  with  repeated  excessive  administration  has  t)een  reported  with 
sympathomimedc  agents  Therelore  il  is  possible  that  this  phenomenon  could  oaur  with  Alupenl 
f^ients  should  lie  advised  to  contad  then  physician  in  the  eveni  thai  they  do  nol  respond  to  their  usual 
dose  ol  a  sympathomimetic  amine  aerosol 

PRECAUTIONS  Because  Alupenl*  (metaproterenol  sulfate  USP)  is  a  sympathomimetic  drug,  it  should 
be  used  with  great  caution  m  patients  with  hyperlension,  coronary  artery  disease,  congestive  heart 
bitufe.  hyperthyroidism  or  dialietes  or  vnhen  there  is  sensitivity  to  sympathomimetic  amines 
HhmIIm  lor  PtfMli  Extreme  care  must  be  exercised  with  lesped  to  the  administration  ol  additional 
syihiHIho'nimetic  agents  A  sufficient  interval  ol  time  should  elapse  prior  to  administration  of  another 
symialhoinimetic  agent 

I  Long-term  studies  in  mice  and  rats  to  evaluate  the  oral  carcinogenic  potential  ot 
il  sulfate  have  nol  been  completed  Studies  ot  metaprotetenol  sullate  nave  nol  been  con- 
ducM  to  Oeleimine  mutagenic  potential  or  ettect  on  fertility 

Pretniiiqi  kniogenic  Ellecis  Pregmncy  Category  C  Alupenl  has  been  shown  to  be  teratogenic  and 
embiyocidal  in  rabbits  when  given  orally  in  doses  620  limes  Ihe  human  inhalation  dose  and  62  limes 
Itie  human  oral  dose  There  are  no  adequate  and  well-conlrolied  studies  m  pregnant  women  Alupenl 
should  be  used  duhng  pregnancy  only  it  the  potential  benefit  justifies  the  potential  risk  to  the  fetus 
Oial  leptodudion  studies  m  mice  rats  and  rabbits  showed  no  teratogenic  or  embryocidal  effects  at 
SO  mQ/kg,  corresponding  to  310  times  ttte  human  inhalation  dose  and  31  times  Ihe  human  oral  dose 
IMogenic  effects  m  the  rabbit  included  skeletal  abnomalities  and  hydrocephalus  with  bone  separation 
Ihnkv  lliMiin  it  is  not  known  whether  this  drug  is  excreted  in  human  milk  Because  many  drugs 
an  aciMd  m  hutnan  milk,  caution  should  be  exercised  when  Alupenl  is  administered  to  a  nursing 


PMIHrlc  Um  Consult  package  insert  lor  age  limit 

ADVERSE  REACnONt  Wverse  reactions  are  similar  to  those  noted  with  other  sympattiomimelic 

agents  Adverse  reactions  such  as  tachycardia,  hypertension  palpitations,  nervousness,  tremor  nausea 

and  vomiting  have  been  reported 

V*  most  fieguenf  adverse  reactions  to  Alupenl*  (metaprolerenol  sulfate  USP)  Inhalation  Solution  are 

nervousness  and  tachycardia  which  occur  m  about  1  in  7  patients,  trertor  which  occurs  m  about  1  in  20 

pMnIs  and  nausea  which  occurs  m  about  t  m  50  patients  Less  Ireoueni  adverse  reactions  are  hyper- 

Knsion.  pMpnalions.  vomilmg  and  bad  lasle  which  oaur  m  approximately  t  m  300  patients 

HOW  tUmjED  MMMm  AtmH:  Each  canister  of  Aluoent*  (metaproterenol  sullate  USP) 

MDWion  Aaiiisol  conlWis  225  mg  ol  menpiolerenol  sulfate  as  a  micronized  powder  m  inert  propel- 

Unit  Alupenl  InhMion  Aerosol  with  mouthpiece  (15  ml)  Alupenl  Inhalation  Aerosol  refill  (IS  ml) 

SWt  Mow  TT^  125*0)  Avoid  excessive  humidity 

MMMm  tikllitt:  Alupenl  Mialaiion  Solution  is  supplied  as  a  5%  solution  m  bottles  of  10  ml  or 

30  iM  iiNi  aaxmpgnyng  cHibmed  droppn 

SlOT  Mo«  Tn  (2S*C)  l^otoct  tram  light  Do  not  use  the  solution  it  if  is  brown  or  has  a  precipitate 

Akipiiil  wmalion  Solution  Unii-dose  Vial  is  supplied  as  a  0  4%  or  0  6%  clear  colorless  or  nearly 
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Outcome  after  Assisted  Ventilation 
in  Children  with  Acquired  Immuno- 
deficiency Syndrome — DA  Notterman, 
BM  Greenwald,  A  Di  Maio-Hunter, 
JD  Wilkinson,  K  Krasinski,  W 
Borkowsky.  Crit  Care  Med  1990;  18: 
18. 

Twenty-two  pediatric  patients  with 
AIDS  required  assisted  ventilation 
during  27  pediatric  ICU  (PICU) 
admissions.  Patients  were  retrospec- 
tively divided  on  the  basis  of  whether 
they  required  assisted  ventilation  for 
acute  respiratory  failure  (ARF)  or  for 
another  reason.  Sixteen  (59%)  courses 
of  assisted  ventilation  were  for  ARF. 
The  PICU  mortality  rate  was  81%  for 
the  ARF  group.  Eleven  (41%)  courses 
of  assisted  ventilation  were  for  reasons 
not  involving  ARF.  The  PICU 
mortality  rate  for  the  group  without 
ARF  was  9%,  significantly  lower  (p 
<  0.01)  than  for  the  ARF  group. 
Pneumocystis  carinii  pneumonia 
(PCP)  was  documented  during  48%  of 
admissions.  Occurrence  of  PCP  did  not 
affect  mortality,  nor  was  it  more  likely 
in  those  with  than  without  ARF.  Two 
patients  uith  ARF  survived  to 
discharge  from  the  hospital.  Both  died 
within  1  y  of  ARF.  Thus,  the  short- 
term  prognosis  for  pediatric  AIDS 
patients  requiring  assisted  ventilation 
for  ARF  is  extremely  poor. 

Clinical  Validity  of  a  Normal  Perfu- 
sion Lung  Scan  in  Patients  with 
Suspected  Pulmonary  Embolism — 

RD  Hull,  GE  Raskob,  G  Coates,  AA 
Panju.  Chest  1990;97:23. 

The  objective  of  this  study  was  to  test 
the  safety  of  withholding  anticoagulant 
therapy  in  patients  with  clinically 
suspected  pulmonary  embolism  who 
have  normal  perfusion  lung  scans, 
regardless  of  the  clinical  manifesta- 
tions. Anticoagulant  therapy  was 
withheld  or  withdrawn  in  515  consec- 


utive patients  except  in  patients  in 
whom  deep-vein  thrombosis  was 
detected.  Only  three  of  the  5 1 5  patients 
had  symptomatic  venous  thrombo- 
embolism on  follow-up.  The  frequency 
of  symptomatic  pulmonary  embolism 
on  follow-up  was  one  of  515  patients. 
With  knowledge  of  the  normal  findings 
by  perfusion  scanning,  an  alternative 
diagnosis  was  established  in  361  of  the 
515  patients.  Cause  of  symptoms 
remained  uncertain  in  148  patients.  It 
is  safe  to  withhold  anticoagulant 
therapy  in  patients  with  suspected 
pulmonary  embolism  and  normal 
perfusion  scans,  regardless  of  the 
clinical  manifestations.  The  finding  of 
a  normal  perfusion  scan  excludes  the 
presence  of  clinically  important  pulmo- 
nary embolism  and  makes  pulmonary 
angiography  unnecessary. 

Outcome  of  Mechanical  Ventilation 
in  Children  with  Acquired  Immu- 
nodeficiency Syndrome — J  Marolda, 
B  Pace,  RJ  Bonforte,  N  Kotin,  M 
Kattan.  Pediatr  Pulmonol  1989;7:230. 

We  retrospectively  reviewed  the 
records  of  18  children  with  acquired 
immunodeficiency  syndrome  (AIDS) 
who  required  mechanical  ventilation 
for  respiratory  failure.  These  patients 
represented  35%  of  the  patients  seen 
with  pulmonary  disease  and  AIDS. 
The  most  common  causes  of  respira- 
tory failure  were  Pneumocystis  carinii 
pneumonia  (77%)  and  bacterial  pneu- 
monia (33%).  Bronchial  lavage  by 
fiberoptic  bronchoscopy  or  endotra- 
cheal tube  suctioning  in  mechanically 
ventilated  children  with  AIDS  had  a 
high  yield  for  P  carinii.  Eight  of  18 
(44%)  children  survived  the  episode  of 
respiratory  failure  and  were  weaned 
from  the  ventilator.  However,  four  of 
eight  survivors  died  within  6  months. 
Arterial  oxygen  tension  on  admission 
and  maximum  peak  inspiratory  pres- 
sure on  the  ventilator  did  not  differ 


between  survivors  and  nonsurvivors. 
We  conclude  that  children  with  AIDS 
who  are  mechanically  ventilated  can 
be  weaned  from  the  respirator  but  that 
the  subsequent  course  remains  poor. 

Correct  Positioning  of  an  Endo- 
tracheal Tube  Using  a  Flexible 
Lighted  Stylet— RD  Stewart,  A 
LaRosee,  RM  Kaplan,  K  Ilkhanipour. 
Crit  Care  Med  1990;  18:97. 

Endotracheal  intubation  is  not  without 
complications,  among  the  most  serious 
of  these  being  misplacement  of  the 
endotracheal  (ET)  tube.  Unrecognized 
esophageal  placement  is  a  lethal 
complication,  but  even  when  placed 
in  the  trachea,  ET  tubes  can  be 
displaced  distally  and  enter  a  mainstem 
bronchus.  Correct  positioning  of  an  ET 
tube  is  usually  defined  as  the  placement 
of  the  tube  within  the  trachea  approxi- 
mately 5  cm  above  the  carina.  Chest 
x-ray  is  the  most  common  and  a 
reliable  method  of  demonstrating 
correct  positioning,  particularly  in  ICU 
patients.  Using  transillumination  by 
means  of  a  flexible  stylet  (lightwand), 
we  investigated  whether  transillumina- 
tion could  position  an  ET  tube 
consistently  within  5  ±  2  cm  of  the 
carina.  Ten  human  cadavers  of  varied 
weight  and  b)ody  habitus  were  intu- 
bated under  direct  vision  and  10  mL 
of  a  radiopaque  dye  was  injected  down 
the  tube  as  a  marker  for  the  carina. 
A  premeasured  flexible  lighted  stylet 
was  then  inserted  into  the  in-place  tube 
so  that  the  bulb  was  positioned  at  the 
tube's  distal  opening.  The  brightest 
transilluminated  glow  produced  by  the 
bulb  was  then  positioned  at  the  sternal 
notch.  A  chest  x-ray  was  taken  and 
the  distance  of  the  tube  tip  from  the 
carina  was  calculated.  In  each  case  the 
tube  tip  could  be  placed  consistently 
at  a  level  5  ±  1  cm  from  the  carina 
by  observing  the  maximal  transillumi- 
nated glow  at  the  sternal  notch.  We 
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conclude  that  transillumination  of  the 
neck  using  a  flexible  lighted  stylet  can 
accurately  and  consistently  position  an 
ET  tube  at  an  appropriate  distance 
above  the  carina.  Use  of  this  method 
by  nurses,  paramedical  personnel,  and 
physicians  could  reduce  the  need  for 
routine  radiographic  confirmation  of 
ET  tube  position  in  the  critically  ill 
and  injured. 

Long-Term  Compliance  with  Nasal 
Continuous  Positive  Airway  Pres- 
sure Therapy  of  Obstructive  Sleep 
Apnea— RE  Waldhorn,  TW  Herrick, 
MC  Nguyen,  AE  O'Donnell,  J  Sodero, 
SJ  Potolicchio.  Chest  I990;97:33. 

In  an  attempt  to  identify  predictors  of 
long-term  compliance  with  nasal 
continuous  positive  airway  pressure 
(CPAP),  we  reviewed  the  records  of 
125  patients  with  obstructive  sleep 
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apnea  (OSA)  referred  to  our  center  for 
nasal  CPAP  trials.  Severity  of  sleep 
apnea,  sleep  staging,  daytime  hyper- 
somnolence,  effectiveness  of  nasal 
CPAP,  previous  palatal  surgery,  and 
adverse  reactions  were  compared  in 
compliant  and  noncompliant  patients. 
Nineteen  patients  did  not  tolerate  a 
nasal  CPAP  trial  in  the  laboratory  or 
refused  home  nasal  CPAP  therapy.  Ten 
patients  were  unavailable  for  follow- 
up.  Of  the  remaining  96  patients,  23 
(24%)  had  discontinued  therapy,  while 
73  (76%)  were  still  using  nasal  CPAP 
at  14.5  ±  10.7  months  (mean  ±  SD). 
There  were  no  statistically  significant 
differences  between  the  compliant  and 
noncompliant  patients  in  baseline 
apnea  plus  hypopnea  index  (AHI), 
baseline  sleep  staging,  AHI  while 
receiving  nasal  CPAP,  sleep  staging 
while  receiving  nasal  CPAP,  or 
frequency  of  adverse  reactions  during 
therapy.  Severe  daytime  sleepiness  was 
present  in  65  of  the  73  compliant 
patients  and  in  12  of  the  23  noncom- 
pliant patients  (p  <  0.05).  Ten  of  43 
in  the  compliant  group  had  previous 
palatal  surgery  compared  with  10  of 
23  noncompliant  patients  (p  <  0.05). 
Our  data  confirm  earlier  observations 
in  smaller  samples  that  compliant  and 
noncompliant  patients  have  equally 
severe  sleep  apnea  and  good  initial 
responses  to  nasal  CPAP.  Long-term 
compliance  with  nasal  CPAP  may  be 
associated  with  the  severity  of  daytime 
hypersomnolence  on  presentation. 
Previous  palatal  surgery  was  more  fre- 
quent in  patients  who  did  not  tolerate 
long-term  nasal  CPAP  therapy. 

Management  of  Chronic  Alveolar 
Hypoventilation  by  Nasal  Ventila- 
tion—J  R  Bach,  AS  Alba.  Chest  1990; 
97:52. 

This  is  a  study  of  the  effect  of  nocturnal 
nasal  intermittent  positive  pressure 
ventilation  (NIPPV)  on  symptoms  of 
chronic  alveolar  hypoventilation 
(CAH),  sleep  oxygen  saturation 


(SaOi).  and  frequency  of  hospitaliza- 
tion of  patients  with  progressive 
neuromuscular  respiratory  insuffi- 
ciency or  restrictive  lung  disease  from 
thoracic  wall  deformity.  The  nocturnal 
use  of  NIPPV  is  explored  in  combi- 
nation with  other  noninvasive  methods 
of  supported  ventilation  for  daytime 
support  as  alternatives  to  tracheostomy 
and  long-term  tracheostomy  intermit- 
tent positive  pressure  ventilation 
(TIPPV).  Sixteen  patients  with  <  400 
mL  of  vital  capacity  (VC)  supine  and 
<  15  minutes  of  autonomous  respi- 
ration (free  time)  maintained  a  mean 
SaO:  of  95.9  ±  2.6%  (SD)  during  sleep 
on  NIPPV  without  added  oxygen. 
Seventeen  other  patients  with  adequate 
free  time  for  a  sleep  trial  unaided  had 
an  average  Sao,  of  81.8  ±  11.0%, 
which  improved  to  94.1  ±  3.4%  on 
NIPPV  alone.  The  average  length  of 
use  of  NIPPV  by  the  42  patients  who 
have  used  it  for  one  month  or  more 
is  21  (3-67)  months.  All  34  patients 
who  were  not  dependent  on  ventilatory 
support  24  hours  a  day  demonstrated 
significant  improvement  and  in  most 
cases  normalization  of  ABG  when  off 
aid.  Thirteen  patients  were  converted 
from  IPPV  via  an  endotracheal  tube 
or  TIPPV  to  NIPPV.  Long-term  use 
of  a  custom  molded  thermoplastic 
nasal  interface  for  the  delivery  of 
NIPPV  is  reported  for  17  patients. 
Unnecessary  morbidity  and  hospital- 
izations can  be  avoided  by  eariy 
awareness  and  appropriate  manage- 
ment of  CAH.  NIPPV  can  be  an 
effective  alternative  to  TIPPV,  body 
ventilators,  or  oxygen  therapy. 

Prematurity  Is  Associated  with 
Abnormal  Airway  Function  in 
Childhood  M  Galdes-Sebaldt,  JR 
Sheller,  J  Grogaard,  M  Stahlman. 
Pediatr  Pulmonol  I989;7:259. 

To  evaluate  the  long-term  effect  of 
prematurity  and/or  hyaline  membrane 
disease  (HMD)  on  pulmonary  function 
and  airway  reactivity,  we  studied  49 
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prematurely  born  children  aged  10  to 
13  years.  They  were  divided  into  three 
groups  according  to  birth  weight  and 
HMD  status:  Groups  I  and  11 
comprised  the  children  weighing  less 
than  1,500  g  at  birth,  and  Group  III 
those  whose  birth  weight  exceeded 
1,500  g.  Children  without  HMD  at 
birth  were  classified  as  Group  I  and 
those  with  HMD  as  Group  II  or  III. 
We  performed  both  pulmonary  func- 
tion tests  and  methacholine  (MCh) 
challenges  and  compared  the  results 
with  those  of  27  age-matched  controls 
bom  at  term.  We  found  that  FEVi  and 
RV/TLC  ratios  were  significantly 
different  from  control  values  in  the 
groups  with  birth  weights  less  than 
1 ,500  g,  regardless  of  their  HMD  status 
(Groups  I  and  II).  In  Group  I,  results 
for  FEF25.75%  ^miLx5Q%  and  Dlco 
were  lower  than  those  of  controls. 
Airway  reactivity  was  significantly 
increased  in  Groups  I  and  II.  A  20% 
drop  in  FEVi  after  MCh  challenge  was 
found  in  88%,  62%,  53%,  and  36%  of 
children  in  Groups  I,  II,  and  III  and 
controls,  respectively,  and  a  35%  drop 
in  SGaw  occurred  in  87%,  88%,  53%, 
and  59%.  We  conclude  that  prema- 
turity and  not  HMD  per  se  leads  to 
long-term  pulmonary  abnormalities 
and  to  an  increase  in  nonspecific 
airway  reactivity. 

Ventilatory  Response  to  Combined 
High  Frequency  Jet  Ventilation  and 
Conventional  Mechanical  Ventila- 
tion for  the  Rescue  Treatment  of 
Severe  Neonatal  Lung  Disease — AR 
Spitzer,  S  Butler,  WW  Fox.  Pediatr 
Pulmonol  I989;7:244. 

High  frequency  jet  ventilation  (HFJV) 
was  used  to  treat  1 76  infants  who  were 
either  failing  to  respond  to  conven- 
tional mechanical  ventilation  (CMV) 
or  demonstrating  pulmonary  air  leak. 
The  median  birthweight  for  infants 
treated  with  HFJV  was  1 530  g,  median 
gestational  age  was  3 1  weeks.  Median 
duration  of  therapy  with  HFJV  was 


3.0,  with  a  range  of  0. 1  to  27  days. 
During  the  first  24  hours  of  treatment, 
mean  airway  pressure  decreased  from 
16.2  ±  0.3  (Mean  ±  SEM)  cm  H2O 
to  12.2  ±  0.3  cm  H2O,  while  mean 
PaO:  increased  from  65.3  ±  3.0  torr 
to  93.3  ±  3.0  torr  during  the  same 
time  period.  Simultaneously,  mean 
PaCO:  decreased  from  46.4  +  1.5  torr 
to  36.6  ±  1.0  torr,  although  peak 
inflating  pressure  decreased  from  34.3 
+  0.7  cm  H2O  to  30. 1  ±  0.8  cm  H2O. 
Ninety-five  (54%)  infants  treated  with 
HFJV  survived.  Of  123  infants  with 
RDS  75  (61%)  survived.  The  rate  of 
complications  for  HFJV  patients  was 
similar  to  that  seen  with  CMV  in  our 
nursery.  This  study  suggests  that  HFJV 
provides  improved  oxygenation  and 
ventilation  of  infants  at  lower  mean 
and  peak  pressures  compared  to 
conventional  mechanical  ventilation. 
HFJV  combined  with  CMV  may  be 
a  valuable  adjunct  to  therapy  in  infants 
with  severe  lung  disease. 

Maximum  Achievable  Bronchodila- 
tation  in  Asthma — J  Chaieb,  N 
Belcher,  PJ  Rees.  Respir  Med  1989; 
83:497. 

We  have  examined  the  effects  of 
combinations  of  three  bronchodilator 
drugs  in  37  patients  with  poorly 
reversible  asthma.  In  each  case  FEVi 
was  less  than  90%  predicted  before 
administration  of  the  third  drug. 
Nineteen  patients  took  increasing  doses 
of  salbutamol  by  inhalation  followed 
by  160  ng  ipratropium  bromide  and 
intravenous  aminophylline,  5-6  mg  kg. 
FEVi  increased  by  at  least  200  mL 
in  1 8  patients  after  salbutamol.  Subse- 
quently, ipratropium  bromide 
increased  FEVi  by  200  mL  in  3 
patients  while  aminophylline  did  not 
produce  a  further  200  mL  rise  in  any 
patient  in  this  group.  Nine  patients 
were  given  aminophylline  followed  by 
ipratropium  bromide  and  salbutamol 
and  9  took  ipratropium  bromide  and 
then  aminophylline  and  salbutamol. 


Eleven  of  the  1 8  patients  in  these  latter 
two  groups  had  a  200  mL  increase  in 
FEVi  using  salbutamol  as  the  third 
drug.  Significant  increases  in  pulse  rate 
were  only  seen  after  aminophylline  or 
salbutamol  administered  as  the  third 
drug.  These  results  suggest  that 
maximal  bronchodilatation  in  poorly 
reversible  asthma  can  usually  be 
achieved  by  increasing  doses  of  beta 
agonist  up  to  a  therapeutic  plateau.  A 
further  response,  if  required,  may  be 
achieved  in  some  patients  with  iprat- 
ropium bromide. 


Measurement  of  Diffusing  Capacity 
in   Pulmonary   Embolism — HSK 

Wimalaratna,  J  Farrell,  HY  Lee. 
Respir  Med  1989;83:481. 

Pulmonary  function  tests  were  carried 
out  in  20  consecutive  patients  with 
pulmonary  embolism  (PE),  diagnosed 
on  the  basis  of  a  positive  ventilation- 
perfusion  lung  scan  carried  out  within 
72  h  of  admission.  Changes  in  forced 
expiratory  volume  in  one  second 
(FEVi),  forced  vital  capacity  (FVC) 
and  arterial  blood  gas  tensions  were 
too  variable  to  be  helpful  diagnosti- 
cally.    In   contrast,   transfer  factor 

(diffusing  capacity)  of  the  lung  (Dlco) 
was  significantly  reduced  in  all  cases 
and,  in  spite  of  a  period  of  anticoag- 
ulation, tended  to  remain  subnormal 
during  a  follow-up  period  of  up  to  3 
years.  Lung  scans,  however,  tended  to 
return  to  normal  within  3  months  of 
the  incident.  Thus,  a  reduction  of 
Dlco  to  below  75%  of  the  predicted 
normal  was  found  in  all  cases  with 
abnormal  lung  scans  and  such 
measurements  provide  a  useful  and 
simple  screening  test  for  PE;  a  normal 
Dlco  would  effectively  exclude  such 
a  diagnosis.  The  failure  of  Dlco  'o 
return  to  normal  in  the  majority  of 
cases  suggests  persistence  of  the 
underlying  physiological  defect,  in  spite 
of  normalization  of  symptoms  and  lung 
scans  following  anticoagulation. 
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low  you  can  put  brand 
new  capital  equipment  into 
your  lab  without  the  capital 
expense.  Because  now  you 
can  leverage  your  operating 
expense  purchases  —  even 
if  they  add  up  to  only  five 
syringes  a  day  —  to  acquire 
Ciba  Corning  Blood  Gas  and 
Electrolyte  Analyzers  and 
Pulse  Oximeters.  Here's  how: 


advantage  of  a  no  penalty, 
early  buyout  option  should 
your  capital  budget  change. 

HealthPak  Financing 
simplifies  your  papen^/ork  by 
bundling  all  instrument  and 
supply  purchases  into  one 
transaction,  with  one  monthly 
payment.  And  it  can  be  tailored 
to  meet  the  specific  require- 
ments of  your  institution. 


Do  you  use 
of  these  a  day? 


HealthPak®  Financing  is  a 
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you  acquire  your 
needed  capital 
equipment. 
And,  of 

course, 
you'll  also 
be  assured 
that  your 
instruments  are 
operating  with  the 
ideal  reagents  and 
quality  controls  to 
insure  consistency  and 
quality  of  test  results. 

HealthPak  Financing: 


because  you  need  new  capital 
equipment  but  may  not  have 
the  capital.  To  find  out  what 
HealthPak  can  do  for  you, 
call  your  Ciba  Corning 
Account  Representative  at 
1-800-255-323Z. 
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Occupational  Exposures:  Evidence 
for  a  Causal  Association  with 
Chronic  Obstructive  Pulmonary 
Disease — MR  Becklake.  Am  Rev 
RespirDis  1989;140:S85. 

The  increase  in  morbidity  and 
mortality  attributable  to  chronic 
obstructive  pulmonary  disease 
(COPD)  has  focused  attention  on 
environmental  and  host  factors 
causally  associated  with  the  clinical 
entities  included  under  the  rubic  of  this 
term  with  a  view  to  early  preventive 
intervention.  Despite  the  biologic 
plausibility  of  inhaled  agents  being 
causally  implicated,  only  the  role  of 
tobacco  smoke  has  been  accepted 
beyond  doubt.  However,  evidence 
implicating  occupational  exposures  has 
accumulated,  in  particular  over  the  last 
2  y  from:  ( 1 )  community-based  studies 
(in  which  larger  study  populations 
provide  greater  power  than  the  usually 


smaller  workforce-based  studies);  (2) 
longitudinal  studies  of  lung  function 
(which  enhance  the  signal  of  interest, 
namely  the  effects  of  the  occupational 
exposures,  and  diminish  the  noise  due 
to  between-individual  differences:  (3) 
pathology  studies  (in  which  the 
outcome  of  interest  is  the  quantitative 
measurement  of  emphysema),  and  (4) 
cohort  mortality  studies  of  all  or 
specific  causes  of  death.  This  evidence, 
reviewed  here  according  to  accepted 
criteria  for  establishing  causality,  leaves 
little  doubt  that  occupational  exposure 
to  dust  and/or  to  dust  and  fumes  may 
be  causally  implicated  in  the  genesis 
of  COPD.  As  with  tobacco  exposure, 
both  bronchitis  (mucus  hypersecretion) 
and  airflow  limitation  are  recognized 
as  causally  related  to  exposure,  but  not 
necessarily  to  each  other.  As  with 
tobacco  exposure,  though  effects  are 
in  general  dose  related  to  exposure, 
there  is  evidence  for  individual  suscep- 


tibility. As  with  tobacco  exposure,  a 
possible  host  factor  is  the  reactivity  of 
airways  to  inhaled  materials.  Future 
research  should  focus  on  the  interre- 
lationships of  acute  and  chronic  airway 
responses  of  all  types  to  inhaled  agents 
including  those  encountered  at  work, 
and  this  information  should  be  incor- 
porated into  current  concepts  of  the 
origins  and  natural  history  of  COPD. 


Evaluation  of  the  Upper  Airway  by 
Computerized  Tomography  in 
Patients  Undergoing  Uvulopalato- 
pharyngoplasty  for  Obstructive 
Sleep  Apnea — JW  Shepard  Jr,  SE 
Thawley.  Am  Rev  Respir  Dis  1989; 
140:711. 

This  study  utilized  computerized 
tomography  (CT)  to  evaluate  the 
effects  of  uvulopalatopharyngoplasty 
(UPPP)  on  upper  airway  (UA)  dimen- 
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ABSTRACTS 


sion.  The  objectives  were  to  determine 
whether  CT  scan  results  would  be 
useful  in  identifying  UA  characteristics 
predictive  of  a  good  surgical  result  as 
well  as  elucidating  reasons  for  failure 
of  this  operative  procedure.  Twenty- 
three  male  patients  with  obstructive 
sleep  apnea  (OSA)  had  CT  scans  and 
polysomnography  performed  before 
and  after  UPPP.  Preoperatively,  the 
apnea  plus  hypopnea  index  (AHI)  was 
64  +  6  per  hour  and  the  minimal  UA 
cross-sectional  area  (Amin)  was 
located  at  10  and  20  mm  below  the 
level  of  the  hard  palate  in  87%  (20 
of  23)  of  the  patients.  Uvulopalato- 
pharyngoplasty  more  than  doubled  UA 
cross-sectional  areas  at  these  two 
proximal  levels.  In  contrast,  the 
hypopharyngeal  segment  located  50  to 
70  mm  below  the  hard  palate 
decreased  in  cross-sectional  area  by  23 
to  25%  after  surgery.  Eight  patients 
(35%)  had  a  good  response  to  UPPP 
based  on  a  greater  than  50%  decrease 
in  AHI.  Preoperatively,  seven  of  these 
eight  patients  had  Amin  located  20  mm 
below  the  hard  palate.  Uvulopalato- 
pharyngoplasty  increased  Amin  and 
oropharyngeal  cross-sectional  areas  to 
a  greater  extent  in  the  good  than  in 
the  poor  responders.  A  poor  response 
to  UPPP  was  associated  with  preop- 
erative Amin  greater  than  1  cm\ 
location  at  site  other  than  20  mm  below 
the  hard  palate,  and  postoperative 
narrowing  at  the  level  of  the  hard 
palate.  Patients  with  Amin  less  than 
1 .0  cm^  located  20  mm  below  the  hard 
palate  (lower  velopharynx)  were  most 
likely  to  obtain  a  favorable  result  with 
surgery. 

The  Course  and  Prognosis  of 
Different  Types  of  Chronic  Airflow 
Limitation  in  a  General  Population 
Sample  from  Arizona:  Comparison 
with  the  Chicago  COPD  Series  B 
Burrows.  Am  Rev  Respir  Dis  1989; 
140:892. 

Recently  reported  data  from  a  general 
population  study  in  Tucson,  Arizona, 


have  shown  that  subjects  who  have  an 
asthmatic  bronchitic  type  of  chronic 
airways  obstruction  have  a  much  more 
benign  course  than  equally  impaired 
subjects  who  have  the  typical  smoking- 
induced,  and  presumably  emphysem- 
atous, form  of  disease.  These  data  are 
reviewed  briefly.  Findings  in  these 
subjects  are  then  compared  with  those 
in  COPD  patients  enrolled  in  an 
emphysema  clinic  in  Chicago  many 
years  ago;  patients  with  asthmatic 
features  had  been  systematically 
excluded  from  the  Chicago  series.  The 
rate  of  decline  in  FEVi  and  mortality 
of  Arizona  subjects  considered  to  have 
typical  COPD  were  remarkably 
similar  to  those  in  the  Chicago  series 
after  accounting  for  age  and  initial 
FEVi,  but  Arizona  subjects  with 
features  suggesting  chronic  asthmatic 
bronchitis  had  a  much  more  favorable 
prognosis  than  either  of  the  COPD 
groups.  These  different  forms  of 
chronic  airways  obstruction  should  be 
distinguished  in  clinical  or  epidemio- 
logic studies  of  airway  obstructive 
disorders. 


The  Influence  of  Menstrual  Cycle 
Changes  on  the  Tobacco  With- 
drawal  Syndrome   in    Women — P 

O'Hara,  SA  Portser,  BP  Anderson. 
Addictive  Behaviors  1989;  14:595. 

Women  have  lower  quit  rates  in 
smoking  cessation  than  men.  There  are 
several  factors  suggested  that  are 
relevant  to  women's  difficulties  in 
smoking  programs.  One  factor  cited  is 
the  problem  that  women  experience 
during  withdrawal.  Similar  physiolog- 
ical and  psychological  symptoms  are 
reported  after  smoking  cessation  and 
during  menstrual  cycle  changes.  In  this 
study  we  evaluated  the  association 
between  withdrawal  and  reports  of 
menstrual  distress.  Results  showed  that 
a  significant  correlation  existed 
between  menstrual  distress  symptoms 
and  initial  smoking  withdrawal  symp- 
toms. Women  who  quit  smoking  in 


the  last  phase  (Phase  2)  of  their 
menstrual  cycle  experienced  greater 
withdrawal  than  those  who  quit  in  the 
eariy  phase  (Phase  1)  of  the  cycle. 
When  these  results  were  compared 
with  male  quitters,  the  Phase  2  women 
experienced  significantly  greater  with- 
drawal than  males.  These  results 
suggest  that  women  may  have  specific 
biological  needs  that  should  be 
addressed  in  smoking  treatment 
programs. 


IgG  and  IgM  Antibodies  to  Viral 
Glycoproteins  in  Respiratory  Syn- 
cytial Virus  Infections  of  Graded 
Severity— GL  Toms,  MSC  Webb,  PD 
Milner,  et  al.  Arch  Dis  Child 
1989;64:1661. 

Serum  antibodies  to  the  fusion  (F)  and 
large  glycoprotein  (G)  of  respiratory 
syncytial  virus  in  the  serum  of  57 
infected  infants  were  measured  by 
enzyme  linked  immunosorbent  assay 
(ELISA).  Most  serum  samples  taken 
at  the  time  of  admission  to  hospital 
contained  antibodies  to  both  glycopro- 
teins, and  overall  there  was  no  signif- 
icant evidence  of  a  selective  deficiency 
of  antibody  to  either  viral  antigen.  Less 
than  a  quarter  of  the  infants  showed 
rising  IgG  antibody  titres  to  either 
glycoprotein  after  infection,  whereas 
over  three  quarters  produced  an  IgM 
response.  There  was  a  significant 
correlation  between  IgG  response  to 
viral  glycoproteins  and  the  age  of  the 
infant.  The  correlation  of  age  with  the 
IgM  response  was  less  pronounced,  and 
there  was  no  correlation  between 
serum  IgG  antibody  derived  trans- 
placentally  in  the  acute  phase  of 
infection  and  IgM  response  to  either 
glycoprotein.  Neither  IgG  or  IgM 
responses  correlated  with  a  clinical 
assessment  of  the  severity  of  infection 
in  the  infants.  IgM  responses,  however, 
were  weakly  correlated  with  reduced 
secretion  of  infectious  virus  in  the 
upper  respiratory  tract. 
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need  for  constant  laboratory 
recalibration. 
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Sechrist. 
Sechrist  Industries,  Inc.,  Medical 
Products  Division,  2820  Gretta  Lane, 
Anaheim,  California  92806,  (714) 
630-2400,  Fax:  (714)  630-8369, 
Telex:  752556. 


SECffRIST 


Breath  Tracker. 
Designed  To  Take  The  Pressure. 

RC-3790" 

We'd  Like  to  Cut  You  In  On  a  Great  Deal. 
Special  Introductory  Price  $298. 

Yes,  I  am  interested  in  learning  more  about 
the  new  Breath  Tracker.  Please  send  me  addi- 
tional information. 


Name; , 
Title;  _ 


Hospital;. 
Address;  _ 
Citv; 


_  Zip;_ 


Phone; . 


To  order  a  Breath  Tracker  at  the  special 
introductory  price  of  S298,  call  today  at  (714) 
630-2400.  (Limit  one  per  customer  Offer 
good  for  a  limited  time  only) 

Sechrist  Industries,  Inc.,  Medical  Products 
Division.  2820  Gretta  Lane.  Anaheim.  California 
92806,  (714)  630-2400,  Fax:  (714)  630-8.^69, 
Telex:  752556. 
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Bright  Horizons  in  Respiratory  Care 

Interactive  Satellite  Video 
Teleconferences 


The  COPD  Patient  in  Trouble,  Professor's  Rounds  —  April  20 

by  David  J.  Pierson  MD,  Dean  Hess  MEd  RRT 

Use  of  Aerosols  in  Respiratory  Care,  Lecture  and  Discussion 

by  Dean  Hess  MEd  RRT,  Rob  Chatburn  RRT 


June  1 


Respiratory  Problems  Following  Trauma,  Professor's  Rounds  — 
September  14 

New  Approaches  to  Asthma,  Lecture  and  Discussion  —  November  2 

Series  Moderator:  Charles  B.  Spearman  RRT 

The  quality  of  AARC  educational  programming  and  the  integrity  of  the  Annenberg  Center 
for  Health  Sciences  have  combined  to  develop  a  new  era  in  respiratory  care  continuing 
education.  Now,  you  can  gather  your  entire  staff  in  one  room  for  the  most 
cost-efficient  and  timesaving  in-service  programming  available  —  Video 
Teleconferencing.  You  save  on  tuition,  travel  costs,  and  return  your  staff  to  work 
faster  while  meeting  JCAHO  continuing  education  regulations  and  state 
re-licensure  requirements. 

The  Professor's  Rounds  series  takes  you  and  your  staff  inside 
the  decision-making  process  of  caring  for  a  respiratory  care 
patient.  It  leads  participants  step  by  step  while  using  a  real 
case.  This  innovative  concept  and  the  provocative  Lecture 
and  Discussion  series  allow  time  for  viewers  to  talk  with  the 
presenters  via  telephone  bridge  and  have  their  questions 
answered.  Call  or  write  for  more  information. 

Developed  and  Produced  by  the  American  Association  for 
Respiratory  Care  and  the  Annenberg  Center  for  Health 
Sciences  -  Eisenhower  (\/1edical  Center 

Approved  for 
Continuing  Education  Credit 

$75  Each  Conference  or  Subscribe  to  the 
Four-Conference  Series  at  $275. 

For  More  Information  Contact: 
The  American  Association  for 
Respiratory  Care 

Video  Teleconference  Group, 
11 030  Abies  Lane,  Dallas.  Texas  75229 
(214)  243-2272  •  FAX  (214)  484-2720 


Can't  get  an 
arterial  oxygen 
saturation  reading? vouve  tned  the  fmger 

The  toe.  Ear  lobe.  Bridge  of  nose.  Still  no  reading.  What  do  you  do? 

With  the  one-sided  sensor  on  Ciba  Coming's  310  Pulse  Oximeter 
you  can  monitor  from  the  forehead,  a  centrally  perfused  site.  You  get  a  reliable, 
stable  reading — even  from  patients  you  couldn't  monitor  before. 

Call  us  at  1-800-255-3232  to  arrange  a  demonstration. 
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The  Art  of  Inspiring 


Whichever  of  hies  pleasuivs 
your  patients  enjoy  most,  we  at 
Baxter  Heahheatv  Corporation 
can  help  you  inspire  healthier, 
happier  years  to  come. 

Baxter  offers  the  btx)adest  line 
of  respiratory  therapy  pmducts 
in  the  industry. 


V  Copyright  1989.  Baxter  Healthcare  Corporation.  All  rights  reserved. 


And  the  brands  you've  eonie 
to  trust  — Airlirc'"  Isothermal, 
and  Fisher  &  Paykel. 

Our  Respiratory  Therapy 
Speeialists  and  Hospital 
Supply  Representatives  pro- 
vide unmatehed  serviee  and 
teehnieal  expertise. 


Baxter,  the  world's  leading 
supplier  of  health  care 
products  and  services,  is 
dedicated  to  supporting  you. 

Baxter's  Respiratory  Therapy 
Systems.  Because  life's 
inspirational  moments  are 
yet  to  come. 


For  more  information,  contact 
Baxter  Healthcare  Corporation, 
Pharmaseal  Division,  27200 
North  Tourney  Road,  Valencia, 
California  91355.  Or  call 
800.423.3238  (800.421.7892 
in  California). 
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Introducing  the  Smooth-E 
Arterial  Blood  Sampler 
that  raises  the  fine  art  of 
blood  sampling  to  a  new 
level  of  smoothness  from 
start  to  finish. 

•  A  Smoother  Entry- 
Extra  sharp  precision 
needles  assure  a  positive 
arterial  penetration  with 
less  patient  trauma. 

•  A  Smoother  Fill— 
Smooth-E  fills  quickly, 
smoothly,  anaerobically 
at  any  angle,  then  stops 
automatically  when  the 
desired  volume  is  reached. 
No  overflows.  No  spills. 

•  A  Smoother  Transfer- 
Dry  lyophilized  heparin 
keeps  blood  from  clot- 
ting, eliminates  the  risk 
of  sample  dilution. 

•  A  Smoother  Procedure — 
the  Smooth-E  Arterial 
Blood  Sampling  Kit 
smooths  out  the  fine  art 
of  blood  sampling. 

Make  the  move  toward 
smooth  sampling  today. 
Contact  your  Radiometer 
representative  for  free 
samples  of  Smooth-E 
Arterial  Samplers.  Call 
1-800-321-9484.  In  Ohio, 
call  1-216-871-8900.  exten- 
sion 222. 
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Alternative  Methods  of  Humidification 
during  Use  of  Nasal  CPAP 


David  A  Strumpf  MD,  Carol  C  Carlisle  BA  RN,  Susan  C  Beadles  CRTT, 

and  Richard  P  Millman  MD 


In  13  sleep  apnea  patients  with  severe  nasal  symptoms  from  the  use  of  nasal 
CPAP  and  a  consequent  humidity  deficit  in  inspired  air,  we  compared  the  use 
of  an  artificial  nose  and  a  chin  strap  to.  the  use  of  an  in-line  passover  humidifier. 
METHODS:  In  a  3-week  study,  the  patients  randomly  used  the  chin  strap  or 
artificial  nose  the  first  week,  then  switched  to  the  other  device  the  second  week, 
and  finally  used  the  in-line  humidiFier  the  third  week.  After  each  week,  they 
answered  questionnaires  about  ease  of  use,  comfort,  and  symptoms  with  each 
device — and  expressed  their  personal  preferences.  RESULTS:  Most  patients  had 
some  nasal  discomfort  or  symptoms  when  using  the  in-line  humidifier,  but  8  of 
the  13  (62%)  preferred  it  to  the  chin  strap  or  artiflcial  nose.  CONCLUSIONS: 
The  majority  of  these  sleep  apnea  patients  preferred  the  in-line  humidifier  to  the 
other  devices  for  improving  humidification  of  their  inspired  air,  but  it  was  not 
uniformly  acceptable.  Further  work  should  be  done  to  develop  a  more  effective, 
less  expensive,  less  bulky  humidiflcation  system  for  use  with  nasal  CPAP.  (Respir 
Care  1990;35:217-221.) 


Introduction 

Obstructive  sleep  apnea  (OSA)  is  a  syndrome 
characterized  by  transient  upp)er-airway  obstruction 
during  sleep,  resulting  in  repeated  episodes  of  oxygen 
desaturation,  CO2  retention,  and  sleep  fragmentation. 
OSA  is  more  common  in  the  presence  of  obesity, 
produces  daytime  hypersomnolence  and  personality 
changes,  and  can  lead  to  cor  pulmonale  in  severe 
cases.  The  diagnosis  is  established  by  polysomno- 
graphy, with  an  apneic  episode  defined  as  (1) 
complete  cessation  of  airflow  for  10  seconds  or  more, 
resulting  in  a  drop  in  oxygen  saturation  of  4  percentage 


Dr  Strumpf  is  a  Pulmonary  Fellow,  Ms  Carlisle  is  a  Pulmonary 
Research  Assistant,  and  Dr  Millman  is  Director  of  the  Pulmonary 
Function  and  Sleep  Apnea  Laboratories — Rhode  Island  Hospital 
and  Brown  University,  Providence,  Rhode  Island.  Ms  Beadles 
is  Clinical  Director,  Amcare  Medical  Services,  Newton, 
Massachusetts. 

Reprints;  Richard  P  Millman  MD,  Division  of  Pulmonary  and 
Critical  Care  Medicine,  Rhode  Island  Hospital,  593  Eddy  St, 
Providence  RI  02903. 


points,  and  (2)  electroencephalographic  evidence  of 
arousal  or  awakening.  Similarly,  a  hypopnea  is 
defined  as  a  50%  reduction  in  airflow,  with  associated 
desaturation  and  arousal.'  The  apnea-hypopnea  index 
is  found  by  summing  the  apneic  and  hypopneic  events 
and  dividing  the  total  by  the  total  sleep  time  (in  hours); 
the  accepted  criterion  for  a  positive  study  of  OSA 
is  an  apnea-hypopnea  index  of  more  than  five  events/ 
hour." 

Nasal  continuous  positive  airway  pressure  nasal 
(CPAP)  has  been  shown  to  be  an  excellent  first-line 
therapy  for  patients  with  OSA,  being  effective  in  as 
many  as  85%  of  patients.^  While  it  is  generally  well 
tolerated,  nasal  CPAP  is  not  without  complications. 
Serious  complications,  including  reversible  upper- 
airway  obstruction"  and  bilateral  conjunctivitis,^  have 
been  described.  More  common  are  complaints  of  nasal 
discomfort — typically  dryness,  burning,  and  conges- 
tion.' We  have  previously  reported  a  case  of  massive 
epistaxis  resulting  from  erosion  of  the  nasal  mucosa 
in  a  patient  who  used  nasal  CPAP  nightly.*"  Anecdotal 
information  indicates  that  a  number  of  methods  have 
been   employed  to  try   to   minimize   these  nasal 
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problems,  including  decongestants,  topical  nasal 
solutions  containing  either  steroids  or  emollients,  and 
room  humidifiers.  In-line  humidifiers  have  also  been 
employed  with  good  success,''  but  these  devices  are 
expensive  and  bulky.  In  addition,  many  patients 
complain  about  both  the  noise  these  devices  create 
and  the  condensation  of  moisture  on  the  face. 

Because  of  the  foregoing  problems,  we  evaluated 
two  alternative  methods  of  humidification  in  nasal 
CPAP  patients  who  were  currently  using  an  in-line 
humidifier  to  treat  severe  nasal  symptoms. 

Methods 

We  asked  37  patients  with  OSA  who  were 
currently  using  Cascade  Junior  in-line  humidifiers* 
to  participate  in  the  study.  Of  these,  19  responded 
affirmatively,  of  whom  6  subsequently  withdrew  due 
to  noncompliance  or  conflicting  plans.  The  remaining 
1 3  patients  made  up  our  study  group. 

All  subjects  were  drawn  from  patient  records  either 
at  the  Rhode  Island  Hospital  Sleep  Apnea  Laboratory 
(Providence  RI)  or  Amcare  Medical  Services 
(Newton  MA).  There  was  a  marked  male  predom- 
inance, with  the  group  having  10  males  and  3  females. 
Their  mean  +  standard  deviation  age  was  52.8  + 
3.2  years.  Their  apnea-hypopnea  index  was  82.8  ± 
19.5  events/hour.  All  these  patients  were  currently 
using  SleepEasy  II  or  III  nasal  CPAP  systems.  Nasal 
CPAP  had  been  in  use  for  12.6  ±  1.9  months,  and 
CPAP  levels  ranged  from  7.5  to  15.0  cm  H2O.  All 
the  patients  were  known  to  have  had  severe  nasal 
problems,  including  epistaxis,  nasal  congestion,  and 
burning  with  the  use  of  nasal  CPAP  alone — and  the 
addition  of  the  in-line  humidifier  had  allowed  them 
to  continue  using  CPAP. 

The  study  was  conducted  in  late  October  and 
November  1988,  when  there  was  a  decline  in  ambient 
temperature  and  the  heating  of  homes  reduced  indoor 
humidity.  Because  the  patients  were  located  over  a 
large  area,  five  respiratory  clinicians  (RRT  or  CRTT) 
were  necessary  to  carry  out  the  study.  After  instruction 
by  this  paper's  authors,  the  respiratory  clinicians  went 
to  the  homes  of  the  subjects  and  instructed  them  in 


Fig.  1.  Subject  wearing  a  nasal  CPAP  mask  connected 
with  tubing  to  a  SleepEasy  III  CPAP  generator.  An  in- 
line artificial  nose  is  indicated  by  the  arrow. 


the  use  of  the  two  alternative  humidification  devices — 
an  artificial  nose  and  a  chin  strap. 

The  artificial  nose  is  a  passive  moisture-  and  heat- 
retention  device  that  collects  heat  and  moisture  from 
the  patient's  exhaled  gases  and  returns  them  on  the 
subsequent  inhalation.  In  Figure  1,  the  arrow  shows 
the  artificial  nose  in  the  breathing  circuit.  The  device 
requires  daily  cleaning,  but  with  proper  care  can  be 
expected  to  last  up  to  6  months.  The  chin  strap  (Fig. 
2)  prevents  involuntary  opening  of  the  mouth  during 


•Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 


Fig.  2.  Here  the  subject  has  a  chin  strap  (marked  by 
the  arrow)  holding  his  mouth  closed,  with  the  aim  of 
improving  the  humidification  of  his  inspired  air. 
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sleep  and  may  minimize  loss  of  upper-airway  moisture 
and  consequent  drying  and  associated  problems. 

All  subjects  were  randomized  and  began  the  study 
concurrently,  using  either  the  artificial  nose  or  chin 
strap  for  one  week  and  then  crossing  over  to  use 
the  alternate  device  the  second  week.  In  the  third 
week  they  all  resumed  use  of  the  Cascade  Junior 
humidifier,  shown  in  Figure  3  to  be  in-line  near  the 
SleepEasy  CPAP  blower.  Humidification  with  the 
Cascade  Junior  device  is  achieved  by  passing  gas 
from  the  CPAP  generator  over  a  reservoir  containing 
sterile  water.  (The  tower  was  removed  from  the 
Cascade  in  all  cases.) 


Table  1.  Subjective  Reports  of  13  Patients  Who  Had  Used  Three 
Different  Methods  of  Humidification  during  Nasal 
CPAP* 


Fig.  3.  In  this  setup,  humidification  Is  provided  by  an  In- 
line Cascade  Junior  humidifier  (arrow)  placed  next  to 
the  SleepEasy  CPAP  blower. 


Artificial 
Nose 

Chin 
Strap 

Cascade 

Junior 

Humidifier 

Easy  to  use 

12 

8 

11 

Comfortable  to  use 

10 

4 

12 

Uncomfortable  to  use 

3 

9 

1 

Persistent  nasal 
symptoms 

Increased  nasal 
discomfort 

13 
9 

11 
6 

10 
0 

Worsened  sleep 
quality 

Epistaxis 

Preferred  method  of 
humidification 

1 
1 

2 

1 
2 

3 

0 
0 

8 

Good  alternative  for 
travel 

3 
the  number  of 

2 

patients  gi 

0 

*Each  number  indicates 
response. 

ving  a  positive 

differences  based  on  the  order  in  which  the  devices 
were  used.  Patient  responses  are  summarized  in 
Table  1. 


Weekly  telephone  calls  were  made  to  the  patients 
by  two  of  the  authors  (DS,  CC)  to  enhance  com- 
pliance, and  after  completion  of  each  week  of  the 
study  all  patients  completed  and  returned  a  15-item 
questionnaire.  Information  requested  included  the 
number  of  nights  each  device  was  used,  overall 
comfort,  ease  of  application  of  the  device,  effect  on 
perceived  sleep  quality,  and  nasal  symptoms.  In 
addition,  the  third  questionnaire  asked  the  subjects 
to  rate  the  devices  in  order  of  preference.  After 
completion  of  the  study,  each  subject  resumed  use 
of  the  preferred  device. 


Cascade  Junior  Humidifier 

All  13  subjects  had  noted  symptomatic  improve- 
ment after  starting  use  of  the  Cascade  Junior 
humidifier  before  the  study.  However,  during  the 
Cascade  phase  of  the  study,  10  of  the  13  still 
complained  of  one  or  more  of  the  following 
symptoms:  nasal  stuffiness,  dryness,  or  burning. 
Despite  this,  when  they  were  asked  to  compare  the 
Cascade  with  the  artificial  nose  and  the  chin  strap, 
8  of  the  13  subjects  (62%)  preferred  the  Cascade. 
No  patient  suffered  from  epistaxis  while  using  the 
Cascade  humidifier. 


Results 

All  the  patients  returned  the  three  questionnaires. 
Evaluation  of  the   replies   revealed   no   apparent 


Chin  Strap 

Eight  subjects  found  the  chin  strap  easy  to  use, 
and  it  was  the  preferred  method  of  humidification 
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in  three  subjects.  Two  subjects  specifically  noted  that 
the  chin  strap  was  a  good  alternative  for  use  when 
traveling.  Nine  subjects  felt  that  the  chin  strap  was 
uncomfortable,  but  only  one  noted  a  worsening  of 
sleep  quality  while  using  it.  Six  subjects  reported  an 
increase  in  nasal  discomfort  while  using  the  chin  strap, 
and  two  of  these  six  developed  epistaxis. 

Artificial  Nose 

Twelve  subjects  found  the  artificial  nose  easy  to 
use,  and  two  rated  it  as  their  preferred  method  of 
humidification.  Three  subjects  preferred  it  as  an 
alternative  for  travel.  Nine  subjects  reported  an 
increase  in  nasal  discomfort  with  the  artificial  nose, 
and  one  developed  epistaxis.  Three  subjects  felt  that 
the  device  was  uncomfortable  to  use,  but,  again,  only 
one  complained  of  difficulty  sleeping  with  it. 

Discussion 

In  this  comparison  of  patients'  subjective  evalua- 
tions of  an  in-line  humidifier,  an  artificial  nose,  and 
a  chin  strap  as  methods  of  humidification  during  nasal 
CPAP  use,  the  majority  of  the  patients  felt  that  neither 
the  artificial  nose  nor  the  chin  strap  was  as  effective 
as  the  in-line  humidifier. 

Nasal  CPAP  has  gained  wide  acceptance  for  the 
treatment  of  obstructive  sleep  apnea  since  its  use  was 
first  reported  in  1981.^  Most  authors  cite  nasal 
discomfort  as  the  principal  side  effect  of  this  therapy. 
However,  little  has  been  written  concerning  methods 
of  overcoming  this  problem.  McEvoy  and  Thornton 
reported  that  three  of  seven  patients  treated  with  nasal 
CPAP  for  1-18  months  complained  of  nasal 
discomfort;  however,  no  specific  remedy  was 
instituted.*  Sullivan  et  al  found  it  unnecessary  to 
humidify  inspired  air  in  any  of  35  patients  treated 
with  nasal  CPAP  for  up  to  30  months;  in  fact,  they 
noted  that  some  patients  who  had  complained  of  a 
sore  throat  as  part  of  their  pre-treatment  symptom 
complex  experienced  relief  of  these  symptoms  on 
nasal  CPAP.''  Sanders  et  al  found  that  68%  of  their 
patients  complained  of  nasal  congestion  on  CPAP, 
but  these  symptoms  were  manageable  with  saline 
sprays  or  room  vaporizers.^ 

In  our  experience,  nasal  discomfort  has  been  a 
significant  problem  among  CPAP  users  despite  the 


routine  use  of  topical  nasal  corticosteroid  inhalers 
and  saline  nasal  sprays.  This  problem  has  been  most 
severe  during  the  cold,  dry  fall  and  winter  months, 
and  the  local  New  England  climate  may  explain  the 
higher  degree  of  intolerance  here  than  has  been 
reported  by  others. 

Despite  its  effectiveness,  the  Puritan-Bennett 
Cascade  Junior  humidifier  has  not  been  uniformly 
accepted  by  our  patients,  77%  of  whom  continue  to 
report  nasal  discomfort  while  using  it.  Two  other 
factors  that  have  limited  patient  acceptance  of  this 
in-line  humidifier  are  its  size  and  cost. 

Both  alternative  methods  that  we  studied  were 
associated  with  an  increase  in  nasal  symptoms  in  many 
of  the  patients;  however,  five  patients  preferred  either 
the  artificial  nose  or  the  chin  strap  to  the  Cascade 
Junior  or  felt  that  they  were  equivalent.  Those  who 
did  not  like  the  chin  strap  found  it  either  uncom- 
fortable or  ineffective;  perhaps  a  modified  design  that 
allowed  the  strap  to  be  more  securely  fitted  might 
be  better  tolerated.  The  artificial  nose,  while  generally 
easy  to  use  and  comfortable,  was  simply  not  effective 
in  the  majority  of  patients. 

Clearly,  further  studies  are  needed  to  determine 
better  ways  of  providing  humidity  to  CPAP  users. 
We  studied  patients  with  profound  nasal  problems, 
and  perhaps  less  expensive  and  bulky  devices  (such 
as  the  artificial  nose  or  chin  strap)  might  control  nasal 
problems  in  less  severely  affected  patients  and  could 
be  tried  first.  In  our  study,  the  chin  strap  and  artificial 
nose  did  lessen  the  burden  of  traveling  with  nasal 
CPAP  in  a  select  number  of  individuals,  but  neither 
device  equaled  the  overall  effectiveness  of  the  in-line 
humidifier.  Although  we  feel  that  the  direct  method 
of  humidification  (such  as  use  of  the  Cascade  Junior 
humidifier)  is  the  most  effective  in  these  patients,  it 
is  apparent  that  a  less  cumbersome  device  is  needed 
to  maximize  patient  acceptance. 
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CPAP  System: 

SleepEasy  II  &  III.  Respironics,  Monroeville  PA 
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NASAL  CPAP  HUMIDIFICATION 


Artificial  Nose: 

Model  6-270,  Ohmeda,  Lafayette  CO 

Chin  Strap 

Model  302175,  Respironics,  Monroeville  PA 
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Symposium  Papers 


Management  of  Respiratory  Failure  in  the  1990s: 

An  Introduction 

David  J  Pierson  MD 


Presented  in  this  issue  of  the  Journal  are  five  articles 
developed  from  the  fifth  annual  symposium,  "New 
Horizons  in  Respiratory  Care,"  held  December  3, 
1989,  at  the  Annual  Meeting  and  Exhibition  of  the 
American  Association  for  Respiratory  Care  in 
Anaheim,  California.  Like  that  of  its  predecessors, 
this  symposium's  purpose  was  to  provide  information 
and  insight  on  topics  of  concern  to  clinicians  working 
throughout  the  profession.  As  in  past  years, 
participants  were  selected  not  only  for  their 
knowledge  of  the  subject  but  also  for  their  personal 
experience  and  insight.  This  year,  however,  the 
Program  Committee  asked  also  for  imagination — 
charging  each  speaker-author  to  include  not  only  the 
topic's  relevant  history  and  present  state  of  the  art 
but  also  his  prediction  of  what  the  coming  decade 
may  bring.  This  year's  papers  are  thus  broader  in 
scope  and  by  necessity  more  speculative  than  their 
predecessors. 

The  topics  selected  are  five  aspects  of  the 
management  of  respiratory  failure,  four  of  them  set 
in  the  intensive  care  unit  (ICU)  and  one  in  the  rapidly 
expanding  arena  of  home  care: 

•  Extracorporeal  oxygenation  and  CO2  removal 

•  The  ventilator  of  the  1990s 

•  Pharmacologic  approaches  to  the  adult  respira- 
tory distress  syndrome  (ARDS) 

•  Home  mechanical  ventilation  in  the  1990s 

•  The  quest  for  a  blood  substitute 

Each  presenter  at  the  Symposium  was  given  five 
specific  tasks.  First,  he  should  clearly  identify  the  issue 


Dr  Pierson  is  Medical  Director  of  Respiratory  Care  at  Harborview 
Medical  Center  and  Professor  of  Medicine  at  the  University  of 
Washington,  Seattle. 


or  problem  raised  by  the  title  as  it  pertains  to  the 
practice  of  respiratory  care.  Second,  he  should 
summarize  the  claims  being  made  or  possibilities  being 
raised:  'the  talk  on  the  street'  about  what  the  technique 
or  agent  is  alleged  to  do  or  about  to  be  able  to  do. 
A  concise  review  of  presently  available  data — the 
current  state  of  the  art — should  come  next,  followed 
by  the  presenter's  own  synthesis  of  what  it  all  really 
means.  Finally,  each  speaker-author  was  asked  to 
speculate  on  the  future,  and  offer  predictions  of  where 
the  technique,  agent,  or  care  area  is  most  likely  to 
go  from  here.  Will  it  enter  the  mainstream  of  accepted 
respiratory  care  practice  or  will  it  end  up  gathering 
dust  in  the  profession's  vast  warehouse  of  abandoned 
modalities,  along  with  so  many  other  promising 
developments  that  proved  with  time  to  be  unneces- 
sary, unacceptably  dangerous,  or  too  expensive  to 
use? 

What  is  extracorporeal  oxygenation  and  CO2 
removal  (ECCO2R)?  Clinicians  caring  for  patients 
with  severe  hypoxemic  respiratory  failure  have  been 
hearing  for  3  or  4  years  about  a  new  technique  from 
Italy  for  resting  the  lungs  and  supporting  gas  exchange. 
Is  it  really  new  or  is  it  just  25-year-old  extracorporeal 
membrane  oxygenation  (ECMO)  resurrected? 
Standard  ECMO  was  abandoned  in  the  management 
of  adults  with  ARDS  after  a  multicenter  NIH- 
sponsored  study  showed  it  to  offer  no  survival  benefit 
as  compared  with  conventional  ventilator  therapy: 
Does  this  new  version  mandate  another  look?  In  fact, 
another  look  is  already  under  way,  and  its  preliminary 
results  provide  some  interesting  insight  not  only  into 
the  clinical  promise  of  ECCO2R  but  also  into 
improvements  in  care  that  may  be  possible  using 
protocol-based  management. 
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Ventilators  for  use  in  the  ICU  have  evolved  rapidly 
and  dramatically  in  the  last  two  decades,  most  recently 
with  the  emergence  of  the  microprocessor-based 
ventilator  and  its  expanded  capabilities  and  flexibility. 
What  can  the  ventilators  of  1990  do  that  their 
predecessors  could  not,  and  what  further  capabilities 
are  likely  to  become  available  at  the  bedside  in  the 
next  decade?  What  will  the  next  generation  of 
ventilators  look  like?  How  will  the  clinician  use  (or 
perhaps  more  correctly  'interact  with')  them?  How 
will  they  be  incorporated  into  monitoring  systems, 
data  processing,  and  recordkeeping?  How  will  the 
patient's  safety  be  ensured  as  the  ventilator  assumes 
more  and  more  control  of  moment-to-moment 
management?  These  questions  are  of  vital  concern 
to  everyone  in  the  ICU,  and  they  can  be  answered 
with  more  certainty  and  less  conjecture  than  one  might 
imagine. 

When  ARDS  was  first  described  more  than  20 
years  ago,  one  half  to  two  thirds  of  all  patients  with 
this  syndrome  died;  and  this  remains  the  case  today 
despite  an  enormous  amount  of  basic  and  applied 
research  into  its  pathophysiology  and  management. 
Much  has  been  learned  about  the  predispositions  and 
mediators  of  the  lung  injury  of  ARDS,  and  this 
knowledge  suggests  a  number  of  ways  in  which 
pharmaceutical  agents  might  be  able  to  prevent  or 
attenuate  this  injury.  What  are  the  aspects  of  ARDS 
that  might  be  amenable  to  modification  by  drugs? 
What  drugs  have  already  been  tried,  and  what  has 
been  learned?  What  agents,  old  and  new,  is  the 
clinician  likely  to  be  using  in  the  management  of 
patients  with  ARDS  at  the  end  of  the  1990s? 

Mechanical  ventilation  outside  the  ICU  is  a  health 
care  modality  of  increasing  importance  worldwide. 
It  may  take  the  form  of  life  support  for  patients  with 
high  cervical  spinal  cord  transection  or  ventilator 


support  for  those  who  have  recovered  from  any  acute 
illness  but  still  require  mechanical  ventilation,  or  of 
elective  therapy  aimed  at  resting  fatigued  respiratory 
muscles  for  only  a  portion  of  each  day,  as  in  muscular 
dystrophy  or  severe  kyphoscoliosis.  What  has  been 
the  history  of  home  mechanical  ventilation,  and  what 
systems  have  evolved  to  provide  it  in  different  social 
and  cultural  settings?  What  is  its  current  status  in 
the  United  States,  and  what  is  likely  to  happen  during 
the  next  decade  in  terms  of  numbers  and  types  of 
patients,  home  care  services  and  reimbursement,  and 
resources  for  ventilator-assisted  individuals  and  their 
families?  And  how  can  this  country's  health  care 
system  benefit  from  an  examination  of  the  problems 
encountered  and  solutions  devised  elsewhere  in  the 
world? 

Patients  with  severe  ARDS  may  experience  critical 
tissue  hypoxia  despite  high  inspired-oxygen  concen- 
trations, the  use  of  positive  end-expiratory  pressure, 
and  red  blood  cell  transfusion.  Life-saving  transfusions 
may  be  unavailable  or  refused  by  patients  with 
profound  anemia.  In  acute  myocardial  or  cerebro- 
vascular ischemia,  crippling  or  fatal  tissue  loss  may 
occur  because  of  inadequate  access  of  that  tissue  to 
oxygen.  In  each  of  these  circumstances,  the  availability 
of  a  red  blood  cell  substitute  or  "artificial  blood" 
might  mean  the  difference  between  death  and  survival. 
Substances  with  key  properties  of  hemoglobin  and 
red  blood  cells  have  been  under  study  for  25  years. 
What  has  been  learned,  and  what  is  the  likelihood 
that  a  safe,  effective  blood  substitute  will  become 
available  for  clinical  use  before  the  year  2000? 

These  were  difficult  assignments,  but  the  authors 
have  risen  commendably  to  their  tasks.  In  the  five 
articles  that  follow,  the  authors  provide  helpful 
summaries,  thoughtful  discussions,  and  stimulating 
glimpses  of  the  future  roles  that  their  topics  may  play 
in  the  management  of  respiratory  failure  in  the  1 990s. 
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Extracorporeal  CO2  Removal  Therapy 
for  Adult  Respiratory  Distress  Syndrome  Patients 

Alan  H  Morris  MD,  C  Jane  Wallace  RN,  Terry  P  Clemmer  MD, 

James  F  Orme  Jr  MD,  Lindell  K  Weaver  MD,  Nathan  C  Dean  MD, 

Samuel  Butler  MD,  Mary  R  Suchyta  DO,  Thomas  D  East  PhD, 

and  Dean  F  Sittig  PhD 


Introduction 

Patients  with  adult  respiratory  distress  syndrome 
(ARCS)'  '  have  a  high  mortality,''  "  although  those 
who  do  survive  generally  resume  productive  lives 
without  pulmonary  limitations.  "'"^  In  spite  of  many 
technical  advances  in  intensive  care,  the  ARDS 
mortality  of  >  60%  does  not  appear  to  have  changed 
during  the  past  1 5-20  years.**  '^ ' '  Very  few  randomized 
clinical  trials  of  therapy  for  ARDS  have  been 
performed,  and  studies  continue  to  be  plagued  by 
two  major  problems:  no  widely  applied  standard 
defmition  of  ARDS"*  ''*  and  no  standardization  of 
specific  or  supportive  therapy.  Thus,  patient  selection 
and  subsequent  treatment  vary  from  center  to  center 
and  in  different  clinical  studies.  The  hallmark  of  the 
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syndrome  is  severe  refractory  arterial  hypoxemia,  a 
result  of  intrapulmonic  right-to-left  shunting.  The 
definition  of  ARDS  usually  includes  severe  arterial 
hypoxemia  refractory  to  oxygen  administration, 
bilateral  chest  radiograph  infiltrates,  respiratory 
distress  manifest  by  dyspnea  and  tachypnea,  and 
absence  of  elevated  pulmonary  artery  wedge 
pressures.  Unfortunately,  the  variability  in  the 
selection  of  ARDS  patients  and  in  their  therapy  in 
different  clinical  studies  makes  comparisons  of  study 
results  imprecise  and  difficult  to  interpret. 

Therapy 

Treatment  of  ARDS  can  be  specific  (eg,  draining 
closed-space  infections)  but  usually  is  only  supportive. 
Major  elements  of  pulmonary  care  include  oxygen 
administration,  maneuvers  to  reduce  right-to-left 
shunting  (increasing  functional  residual  capacity  by 
increasing  mean  transthoracic  pressure),""  and  support 
of  ventilation  and  acid-base  balance.  Attention  to 
cardiac  output,  fluid  therapy,  electrolyte  management, 
and  nutrition  are  required  as  well.  Mechanical 
ventilatory  support  techniques  used  in  the  treatment 
of  ARDS  include  assist-control,  continuous  positive- 
pressure,  pressure-support,  pressure-release,  high- 
frequency,  intermittent  mandatory,  inverse-ratio,  and 
pressure-controlled  inverse-ratio  ventilation.  Differ- 
ences in  survival  due  to  different  mechanical 
ventilation  techniques  have  not  yet  been  convincingly 
demonstrated. 

The  collaborative  National  Institutes  of  Health 
extracorporeal  membrane  oxygenation  (ECMO)  trial 
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OXYGENATOR 

ROLLER 
PUMP 


Fig.  1.  Configuration  of  a  venoarterial  extracorporeal 
membrane  oxygenation  system.  (Modified  from  Yukihiko 
N.  tVlanual  on  artificial  organs.  Vol  11:  The  oxygenator. 
St  Louis  MO:  CV  Mosby  Co,  1973:62.) 


of  the  1970s  employed  high-flow  venoarterial  bypass 
(Fig.  1)  in  addition  to  traditional  ventilatory  support 
as  a  means  of  correcting  life-threatening  hypoxemia 
(Table  1).'°'^'  Traditional  ventilatory  support  used 
for  the  patient's  natural  lung  included  the  application 


Abbreviations  Used  in  this  Paper 

ARDS 

=  Adult  respiratory  distress  syndrome 

CPAP 

=  Continuous  positive  airway  pressure 

CPPV 

=  Continuous  positive  pressure  ventilation 

ECMO 

=  Extracorporeal  membrane  oxygenation 

F102 

=  Fractional  inspired  oxygen  concentration 

IMV 

=  Intermittent  mandatory  ventilation 

LFPPV- 

ECCO2R 

=  Low-frequency  positive-pressure  ventilation 

with  extracorporeal  CO2  removal 

PEEP 

=  Positive  end-expiratory  pressure 

PCIRV 

=  Pressure-controlled  inverse-ratio  ventilation 

Ppeak 

=  Peak  pressure 

Qs/Ql 

=  Right-to-left  shunt  fraction 

Qt 

=  Cardiac  output 

VR 

=  Ventilatory  rate 

Vt 

=  Tidal  volume 

A  Guide  to  the  Use  of  SI  in  this  Paper* 

The  SI  unit  for  pressure  is  the  kilopascai  (kPa). 

(cm  H2O)  (0.098  06)  =  kPa. 

*For  further  information  on  SI  (le  System^  International 

d'Unitfe),  see  Respir  Care  1988;33:861-873  (October 

1988)  and  Respir  Care  1989;34:145  (February  1989— 

correction). 

of  PEEP,  oxygen,  tidal  volume  (Vj)  of  at  least  500 
mL,  and  ventilatory  rate  (VR)  of  at  least  15/min 
(Table  2).  Survival  rates  were  disappointing  and  were 
almost  identical  in  those  patients  treated  with  ECMO 
(9.5%)  and  in  those  in  the  control  group  treated  with 
conventional  therapy  (8.3%).  These  results  interrupted 
the  widespread  application  of  ECMO  therapy  for 
ARDS  in  adults.  Subsequent  experimental  pursuit  of 
extracorporeal  support  focused  upon  removal  of 
carbon  dioxide  (CO2)  through  low-flow  venovenous 


Table  I.  Criteria  for  Entry  into  the  RFP-NHLI-73-20  Collaborative  Study  of  Extracorporeal  Support  for  Respiratory  Insufficiency, 


for  Patients  with  a  Pao,  of  50  Torr  or  Less  in 

Three  Successive  Analyses.    ' 

Entry 
Type 

Testing  Time 

(h)                            F,o, 

PEEP 
(cm  H2O) 

Qs/Qt 

PaC02 
(torr) 

ICU  Care 
(h) 

Rapid 
Slow 

2                               1.00 
12                         ^  0.60 

^5 
>5 

^0.3 

30-45 
30-45 

^48 
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l/ENTILATOR 


Fig.  2.  Configuration  of  system  for  patient  support  with 
low-flow  positive- pressure  ventilation  (LFPPV)  and 
extracorporeal  CO2  removal  (ECCO2R).  DC  =  drainage 
catheter;  RC  =  return  catheter;  ITC  =  intratracheal 
catheter  for  O2  flow  (~  1  L/min);  ML  =  membrane  lung; 
RP  =  roller  pump;  R  =  venous  reservoir;  H  =  humidifier; 
Gl  =  gas  inlet;  GO  =  gas  outlet;  GF  =  gas  flow  monitor. 
(Modified  from  Reference  28.) 


support  (Fig.  2)  as  a  means  of  resting  the  natural 
lung  (Table  2).  A  remarkable  survival  of  77%  has 
been  reported  in  a  nonrandomized,  uncontrolled 
application  in  ARDS  patients  meeting  ECMO 
criteria.^^  High-flow  venovenous  support  of  oxygen- 
ation in  severely  ill  ARDS  patients  with  major 
barotrauma  who  met  rapid-entry  ECMO  criteria 
resulted  in  survival  of  3  of  6  patients  in  an  uncontrolled 
application." 

The  77%  survival  followed  the  application  of  a 
sequential  3-step  therapy  program:"  pressure- 
controlled  inverse-ratio  ventilation  (PCIRV), 
continuous  positive  airway  pressure  (CPAP)  if  the 
patient  improved  with  PCIRV,  and  low-frequency 
positive-pressure  ventilation  with  extracorporeal  CO2 
removal  (LFPPV-ECCO2R)  (Fig.  2,  Table  2)  if  the 
patient  failed  to  improve  with  PCIRV.  During 
LFPPV-ECCO2R,  CO2  was  removed  with  a  low 
blood-flow  (25-30%  of  the  cardiac  output)  veno- 
venous extracorporeal  circulation.  Arterial  oxygena- 


tion was  achieved  primarily  through  the  natural  lung 
by  a  variant  of  apneic  oxygenation,  utilizing  low- 
flow  O2  (~  1  L/min)  through  an  intratracheal 
cannula.  This  contrasts  with  the  venoarterial  approach 
used  in  the  ECMO  study  (Fig.  1),  which  employed 
traditional  ventilatory  support  (Vj  ^  0.5L,  VR  ^ 
15/min)  for  the  natural  lung  and  achieved  oxyge- 
nation primarily  through  the  extracorporeal 
membrane  lung  (Table  2). 

LFPPV-ECCO2R  is  intended  to  'rest'  the  lung  by 
limiting  ventilatory  rate  to  2-4  breaths/min  and  peak 
pressures  (Ppeak)  to  35-45  cm  H2O  [3.4-4.4  kPa].  The 
emphasis  on  lung  rest  follows  from  the  assumption 
that  delivery  of  'normal'  tidal  volumes  (~  0.6  L)  is 
damaging  to  a  diffusely  injured  ARDS  lung.^"*  This 
assumption  is  based  upon  the  hypothesis,  suggested 


by  animal  data. 


17,25-27 


that  the  inhomogeneously 


Table  2.  Comparison  of  Goals  and  Treatment  Characteristics  for 
Extracorporeal  Support  for  ARDS  in  the  ECMO  vs 
the  LFPPV-ECCO2R  Studies 


ECMO'"'^' 

LFPPV-ECCO2R" 

9  U.S.  Centers 

Milan,  Italy 

1974-1977 

1980-1984 

Goals 

Natural  Lung 

Minimize  F102 

Minimize  F102 

Ventilation 

Ventilate  in 
traditional  manner 

Lung  rest* 

Extracorporeal 

Oxygenation  of 

CO2  removal* 

arterial  blood 

(in  order  to 
rest  lung) 

Treatment  Characteristics 

(mean) 

(representative) 

Natural  Lung 

Vt  =  0.6Lt 

Vt  =  0.2  L 

Ventilation 

Ppeak  =  50 

Ppeak  =  35-40 

cmHzO 

cmH20 

PEEP  =  10 

PEEP=  17 

cmH20 

cmHaO 

VR=  15/min 

VR  =  2-4/min 

Natural  Lung 

~  0.1  Qt 

allQt 

Perfusion 

*The  two  major  differences  of  goals  between  the  Rx  in  Milan 
and  that  used  in  the  NIH  ECMO  trial  in  the  1970s. 

tVx  =  tidal  volume,  Pp„it  =  peak  ventilator  pressure,  PEEP  = 
positive  end-expiratory  pressure,  VR  =  ventilatory  rate,  and  Qt 
=  cardiac  output. 
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injured  ARDS  lung  sustains  overexpansion  (hyper- 
inflation) of  and  profound  damage  to  the  remaining 
small  fraction  of  compliant  lung  still  capable  of  gas 
exchange,  thus  superimposing  an  iatrogenic  lung 
injury  upon  ARDS.^'*'^'*'"  In  several  normal 
mammals,  severe  lung  damage  followed  uncompH- 
cated  ventilation  with  positive  airway  pressure  either 
with  Ppeak  >  30  cm  H2O  or  Vj  =  50  mL/kg  (Table 
3).  Lower  Ppeak  does  not  appear  to  lead  to  lung 
damage  because  goats  ventilated  with  room  air  at 
Ppeak  =  1 3  cm  H2O  for  2  weeks^°  and  dogs  ventilated 
with  Ppeak  =  23  cm  H2O  and  6-10  cm  H2O"  sustained 
no  harmful  effects.  The  induced  increase  in  lung 
volume  rather  than  the  positive  pressure  itself 
appeared  to  be  responsible  for  the  lung  damage. 
It  is  disturbing  to  consider  the  possibility,  compatible 
with  animal  study  results  but  yet  unproved  in  humans, 
that  traditional  ventilatory  support  may  propagate 
lung  injury  in  ARDS.  This  possible  iatrogenic  lung 
damage  due  to  regional  overdistention  of  compliant 
lung  tissue  represents  a  perception  of  barotrauma 
different  from  that  traditionally  defined  by  the 
presence  of  air  in  extrapulmonary  tissues  or  spaces 
(eg,  pneumothorax  and  pulmonary  interstitial 
emphysema). 

The  reduced  Ppeak  provided  by  PCIRV  or  by 
LFPPV-ECCO2R  may  eliminate  this  regional  lung 
overdistention  in  a  way  similar  to  the  'lung  rest' 
program  used  in  the  apparently  successful  but 
nonrandomized  neonatal  ECMO  therapy  study." 
Representative  neonatal  values  were:  Ppeak  =  20  cm 
H2O,  PEEP  =  4  cm  H2O,  VR  =  10/min,  and  Fio, 
=  0.3.  Increased  survival  of  PCIRV  +  LFPPV- 
ECCO2R  patients  in  a  randomized,  prospective 
clinical  trial  will  be  compatible  with  but  will  not 
prove  the  hypothesis  that  the  lung  is  'overstretched' 
during  conventional  management.  Alternate  mech- 
anisms will  have  to  be  considered.  Pulmonary  blood 
flow  is  preserved  in  LFPPV-ECCO2R  (a  venovenous 
support)  in  contrast  to  ECMO  (a  venoarterial 
cardiopulmonary  bypass),  which  markedly  reduces 
pulmonary  blood  flow  (Figs.  1  &  2;  Table  2).  Pul- 
monary blood  flow  may  be  an  important  determinant 
of  lung  response  to  injury,^"*'"  and  this  possibility 
must  be  retained  as  one  of  the  potential  explanations 
of  differences  between  the  outcomes  of  ECCO2R  and 
ECMO. 

In  1986,  survival  of  ARDS  patients  meeting 
ECMO  criteria  (Table  1)  who  had  been  supported 


Table  3.  Evidence  of  Severe  Lung  Damage  in  Normal  Mammals 
from  High  Peak  Airway  Pressures 


Animal 


rpeak 
(cm  H2O) 


Reference 


Sheep 

Rats 

Rats 

Dogs  (open  chest) 


50 
45 

<  30  (Vt  =  50  mL/kg)t 


17 
25 
26 

27 


*Ppeak  =  peak  inflating  pressure. 
fVi"  =  tidal  volume. 


with  LFPPV-ECCO2R  (without  PCIRV)  was 
reported  to  be  49%.^^  Although  this  is  similar  to  the 
survival  of  ARDS  patients  in  general,  it  is  much  higher 
than  the  9%  survival  observed  in  the  1970s  in  the 
NIH  collaborative  ECMO  trial  for  the  subset  of 
ARDS  patients  meeting  ECMO  blood-gas  entry 
criteria.'"'^'  The  two  studies  are  not  easily  compared, 
however,  because  of  the  uncontrolled  nature  of 
reported  ECCO2R  studies  and  because  of  the 
differences  between  the  1980  Italian  and  1975 
American  clinical  environments.  The  reported 
survival  rates  for  LFPPV-ECCO:R  have,  therefore, 
not  been  accepted  as  proof  of  the  efficacy  of  this 
therapy. 

Statistical  Considerations 

A  prospective,  randomized,  controlled  clinical  trial 
is  necessary  to  determine  if  PCIRV  +  LFPPV- 
ECCO2R  increases  survival  in  patients  with  ARDS 
who  meet  ECMO  criteria.  Clinical  results  now 
available  in  the  literature  do  not  define  the  advisability 
or  effectiveness  of  the  therapy.   ' 

The  use  of  tests  to  search  for  low-probability 
problems  is  usually  fruitless.  For  example,  the  use 
of  lung  scans  to  find  evidence  of  pulmonary  embolism 
in  normal  college  athletes  is  inappropriate  because 
the  likelihood  (prior  probability)  of  this  disease  being 
present  is  so  low.  Most  of  us  recognize  that,  in  such 
a  group,  a  lung  scan  positive  for  pulmonary  embolism 
would  more  likely  be  a  false  positive  than  a  true 
positive.  Thus,  the  predictive  value  of  a  positive  test 
(the  probability  that  a  positive  result  is  a  true  positive) 
would  be  too  low  to  lead  to  meaningful  action. 
In  a  similar  manner,  the  predictive  value  of  a  positive 
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<""'  0.01         <"•*    "^  0.5  ^  • 

PRIOR   PROBABILITY 

Fig.  3.  Predictive  value  of  a  positive  trial  (the  probability 
of  a  true  positive  result)  as  a  function  of  prior  probability 
for  a  specificity  (1  -p)  of  0.95  (ie,  p  =  0.05).  (Modified  from 
Reference  39.) 


clinical  trial  is  a  function  of  the  prior  probability 
that  the  hypothesis  being  tested  is  true.  The  likelihood 
(prior  probability)  that  a  hypothesis,  such  as  "PCIRV 
+  LFPPV-ECCO2R  increases  survival,"  is  correct 
must  be  sizeable  if  the  results  of  a  clinical  trial  are 
to  be  interpreted  with  confidence."  The  preliminary 
report^^  of  increased  survival,  though  not  from  a 
randomized  study,  is  crucial  because  it  increases  the 
prior  probability  that  PCIRV  +  LFPPV-ECCO2R  is 
actually  a  superior  therapy.  In  our  thinking,  this 
increases  the  prior  probability  from  about  0.0 1  in 
1 979  to  a  prior  probability  in  1 989  that  can  reasonably 
be  assumed  to  be  as  high  as  0.5.  Figure  3  illustrates 
the  relationship  among  specificity,  prior  probability, 
and  predictive  value. 

With  a  prior  probability  of  only  0.0 1,  it  would 
have  been  unreasonable  to  carry  out  a  randomized 
clinical  trial  10  years  ago.  A  positive  clinical-trial 
result  at  that  time  would  have  had  only  a  0.13 
probability  of  being  a  true  positive  (and  a  0.87 
probability  of  being  a  false  positive),  and  the  results 
would  not  have  led  to  any  change  in  medical  practice. 
In  contrast,  with  a  prior  probability  of  0.5,  a  positive 
clinical-trial  result  will  now  have  a  0.93  probability 
of  being  a  true  positive  and  only  a  0.07  probability 
of  being  a  false  positive.  If  the  current  randomized 
clinical  trial  produces  a  significant  difference  in  patient 
outcome,  this  increased  prior  probability  assures  that 
such  a  difference  can  now  be  interpreted  with  a  level 
of  confidence  high  enough  to  lead  to  changes  in 
medical  practice. 


Study  Design:  Randomized  Clinical  Trial 

A  randomized,  prospective  single-center  clinical 
trial  is  currently  being  carried  out  at  the  Shock 
Trauma/Intermountain  Respiratory  ICU  at  the  LDS 
Hospital  (University  of  Utah).""  Patients  are  randomly 
assigned  to  two  groups:  traditional  therapy  or  the 
3-step  therapeutic  program  that  includes  PCIRV  + 
LFPPV-ECCOiR.'^  The  clinical-trial  design  is  seen 
in  Figure  4.  ARDS  patients  who  meet  ECMO  entry 
criteria  and  are  without  characteristics  that  would 
cause  them  to  be  excluded"*'^'  are  enrolled  after 
signing  informed  consent.  The  ECMO  exclusion 


ARDS  -l-ECMO  CRITERIA  (9%  SURVIVE) 


—RANDOMIZATION— 


1 


CONTROL  THERAPY  NEW  THERAPY 


CPPV 


-CORE- 
I 


PC-IRV^h 

ECC02R 

^IMV 


CPAP 


....Z1.....J 


EXTUBATION 
OUT 


Fig.  4.  Experimental  design  of  the  randomized, 
protocol-controlled  clinical  trial  of  new  (PCIRV  — 
ECCO;R  -  ItVIV)  and  control  (CPPV)  therapy.  +ECMO 
Criteria  =  extracorporeal  membrane  oxygenation  blood 
gas  entry  criteria  satisfied.  PCIRV  =  pressure-controlled 
inverse-ratio  ventilation.  ECCO^R  =  low-frequency 
positive-pressure  ventilation-extracorporeal  CO2 
removal.  IMV  =  intermittent  mandatory  ventilation.  CPPV 
=  continuous  positive-pressure  ventilation.  CPAP  = 
continuous  positive  ai rway  pressure.  CORE  =  continuous 
respiratory  evaluation  diagnostic  protocol  (patients  in  all 
modes  of  therapy  are  evaluated  by  this  protocol  for 
definition  of  patient  improvement  or  decline). 


criteria  are  intended  to  ensure  that  patients  who 
complete  the  clinical  trial  are  not  likely  to  have 
underiying  conditions,  other  than  ARDS,  that  would 
preclude  survival.  We  expect  that  40  randomized 
patients,  stratified  by  age  (^  40  y  or  >  40  y)  and 
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by  the  presence  or  absence  of  trauma,  will  be 
necessary.  Blinded  randomization  with  blocking  is 
being  used. 

Protocol  Control  of  Therapy 

In  medical  practice  today,  variations  in  patient  care 
can  be  seen  not  only  among  hospitals  but  even  among 
ICUs  within  a  single  hospital  and  among  physicians 
within  an  ICU.  In  fact,  a  particular  physician  may 
treat  patients  with  similar  problems  and  similar 
physiologic  indicators  differently.  Protocols  can 
dramatically  alter  the  number  and  magnitude  of 
therapy  changes  commonly  encountered  in  clinical 
settings  in  which  different  physician  treatment  styles 
are  used  in  the  same  patient.  Further,  careful  protocol 
application  can  markedly  increase  the  credibility  and 
interpretability  of  clinical  trial  results. 

We  established  a  protocol-controlled  critical  care 
environment  to  ensure  uniformity  of  care,  equal 
intensity  and  frequency  of  monitoring,  and  a 
consistent  decision-making  logic  for  ARDS  patients 
randomized  to  the  two  different  therapies  in  our 
clinical  trial.  Published  protocols  for  respiratory 
management  of  ARDS"'"^  lacked  the  detail  and 
specific  instructions  we  needed.  We,  therefore, 
developed  detailed  specific  protocols  for  all  modes 
of  respiratory  management  of  arterial  hypoxemia  in 
patients  with  ARDS. 

Therapy  for  arterial  hypoxemia  is  guided,  for  both 
traditional  treatment  and  PCIRV  +  LFPPV-ECCO2R, 
with  specific,  quantitative,  detailed  protocols.  Paper- 
based  flow  diagrams  outline  the  logic  and  specific 
directions  for  therapy,  thus  providing  a  bedside  guide 
that  can  be  followed  by  the  nurse,  respiratory 
therapist,  or  physician.  The  flow-diagram  protocols 
meet  four  basic  investigative  needs  of  our  current 
clinical  trial: 

1 .  Use  of  uniform  logic  in  decision  making; 

2.  Examination  of  a  uniform  database  for  decision 
making; 

3.  Equal  frequency  of  monitoring  (ie,  interrogation 
of  the  database);  and 

4.  Equal  intensity  of  care  for  all  patients  (eg,  equal 
time  intervals  and  equal  increments  between 
changes  in  therapy). 

A  therapy  consensus  committee  initially  consisted 
of  14  physicians,  3  nurses,  and  1  PhD  candidate  in 


Medical  Informatics.  The  physicians  were  members 
of  the  Pulmonary,  Critical  Care,  and  Anesthesia 
Departments  of  the  LDS  Hospital  and  the  University 
of  Utah  and  included  two  research  associates  from 
Dr  Gattinoni's  group  at  the  University  of  Milan.  We 
were  subsequently  joined  by  a  PhD  bioengineer  (TE) 
and  were  able  to  work  with  a  group  of  about  7 
physicians,  after  achieving  acceptance  of  the  protocols 
in  the  ICU.  Primary  responsibility  for  data  acquisition 
fell  to  the  respiratory  therapists.  Clinical  application 
of  the  protocols  was  then  a  team  effort,  with  the 
ICU  respiratory  therapists  and  nurses  playing  central 
roles.  We  worked  3!4  years  to  develop  the  protocols 
(about  40,000  person-hours).  All  physicians  agreed 
to  forego  personal  bias  and  style  and  accept  the  ARDS 
therapy  consensus  recommendations  that  were 
incorporated  into  the  flow-diagram  protocols.  The 
protocols  include  literature  as  well  as  local-expert 
information. 

We  have  used  the  flow-diagram  protocols 
successfully  for  more  than  1 2,000  hours  (representing 
approximately  1 2,000  decisions)  of  patient  care."'*'''' 
We  believe  that  our  experience  establishes  the 
feasibility  of  controlling  the  respiratory  therapy  of 
arterial  hypoxemia  in  severely  ill  ARDS  patients  with 
bedside  protocol  instructions  to  clinical  care  team 
members.  The  protocols  successfully  control  therapy 
85%  of  the  24-hour  day.  (An  obligate  fraction  of 
time  exists  during  which  protocols  must  be  suspended 
for  diagnostic  or  treatment  procedures,  such  as  x- 
rays  or  surgery.)  This  contrasts  with  the  common 
medical  wisdom  that  protocol  control  of  therapy  of 
such  complicated  ICU  patients  is  impossible.''*' 

Utilizing  the  HELP  computer  system,''^"*'  we  have 
used  computerized  versions  of  the  protocols  to  control 
respiratory  therapy  of  arterial  hypoxemia,  for  about 
6,000  hours.'*'*  These  computerized  protocols  are 
automatically  activated  when  new  information  enters 
the  patient's  data  file  (eg,  from  the  blood  gas 
laboratory  or  from  the  respiratory  therapist's 
ventilator  check).  The  protocols  generate  therapy 
instructions,  which  are  displayed  to  the  clinical  care 
team  on  the  patient's  bedside  computer  terminal.  We 
are  currently  controlling  therapy,  with  the  compu- 
terized version  of  the  protocols,  about  92%  of  the 
24-hour  day  (ie,  around  the  clock).'*'  Computerized 
protocol  control  is  not  only  possible  but  appears 
feasible  and  more  accurate  than  bedside  interpretation 
of  paper-based  protocol  flow  diagrams. 
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To  date,  we  have  randomized  26  patients  meeting 
ECMO  criteria;  9  (35%)  have  survived.  Survival  rates 
in  both  control-therapy  and  new-therapy  patient 
groups  exceed  the  9%  expected  for  ARDS  patients 
meeting  ECMO  criteria,  but  more  patients  must  be 
randomized  before  a  difference  in  mortality  between 
the  two  therapy  groups  can  be  definitively  assessed. 

In  Summary:  What  Should  We  Do? 

The  high  (77%)  survival  in  patients  with  severe 
ARDS  has  renewed  worldwide  interest  in  the  use 
of  extracorporeal  support.  The  procedure  is  followed 
by  survival  in  some  patients;  however,  it  is  exjjensive 
and  personnel  intensive,  requires  a  large  well-trained 
team,  and  carries  a  significant  risk  of  bleeding.  If 
this  technique  proves  superior,  it  should  be  widely 
employed.  If  not,  it  should  be  restricted  to  investigative 
applications.  Whether  the  unexpected  35%  survival 
in  our  clinical  trial  so  far  (four  times  the  expected 
9%,  for  ARDS  patients  meeting  ECMO  entry 
criteria'")  is  due  to  patient  selection,  therapeutic  or 
clinical  environment  changes,  use  of  detailed  protocols 
for  respiratory  care  or  other  factors,  is  not  yet  known. 
Regardless  of  the  cause,  this  35%  survival  emphasizes 
the  importance  and  necessity  of  well-controlled, 
randomized  clinical  trials  with  precise  patient  selection 
and  treatment  protocols  for  the  definition  of 
appropriate  ARDS  therapy. 

New  developments  in  extracorporeal  support 
include  heparin-bonded  circuits,  "  smaller  partial- 
support  devices,"  and  percutaneous  cannulae.  In  the 
future,  extracorporeal  circulation  without  systemic 
heparinization  and  the  associated  high  risk  of  bleeding 
may  be  possible.  Less  invasive  partial  support  of 
patients  at  an  earlier  stage  of  the  illness  may  become 
common.^'*'''  The  impact  of  extracorporeal  support 
upon  survival  of  ARDS  has,  however,  not  been 
definitely  determined.  Because  the  role  of  extracor- 
poreal support  in  medical  care  is  not  yet  defined, 
it  is  not  currently  recommended  as  a  therapy,  except 
for  controlled  clinical  evaluations. 
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The  Ventilator  of  the  1990s 


Thomas  D  East  PhD 


Introduction 


Ventilator  Design  and  Construction 


Vesalius  could  never  have  imagined  what  he  started 
when,  in  1555,  he  first  described  positive  pressure 
ventilation:' 

But  that  life  may  in  a  manner  of  speaking  be  restored 
to  the  animal,  an  opening  must  be  attempted  in  the  trunk 
of  the  trachea,  into  which  a  tube  of  reed  or  cane  should 
be  put;  you  will  then  blow  into  this,  so  that  the  lung 
may  rise  again  and  the  animal  take  in  air. 

He  would  be  shocked  by  the  proliferation  of 
techniques  and  devices  designed  to  provide  positive- 
pressure  mechanical  ventilation.  Despite  Vesalius's 
early  observations,  mechanical  ventilators  were  not 
in  evidence  until  the  1940s,'  and  it  was  not  until 
the  late  1960s  and  early  1970s  that  positive  end- 
expiratory  pressure  (PEEP)  was  popularized  as  a 
treatment  for  adult  respiratory  distress  syndrome 
(ARDS).'"  In  the  1970s  and  early  1980s,  an 
'explosion'  of  positive-pressure  mechanical  ventilation 
techniques  and  devices  occurred,  and  the  later  1980s 
heralded  the  introduction  of  the  microprocessor-based 
mechanical  ventilator.  In  this  paper,  I  engage  in 
conjecture — 'educated'  guesswork,  if  you  will — about 
mechanical  ventilation  in  the  1990s. 
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The  ventilator  of  the  1990s  will  be  smaller,  lighter 
in  weight,  and  quieter  than  its  predecessors  and  will 
use  mostly  digital  electronics.  As  of  1989,  most 
intensive  care  ventilators  sold  are  microprocessor- 
based;  however,  early  into  the  1990s  all  of  them  will 
be.  Digital  electronics  are  not  inherently  better  than 
analog  electronics  for  ventilator  operation  (in  fact, 
analog  circuits  may  be  more  reliable  in  some 
circumstances),  but  digital  systems  are  more  versatile. 
A  microprocessor-controlled  ventilator  can  be  easily 
modified  by  a  simple  software  change  to  provide 
almost  any  new  mode  of  ventilation  and  to  collect 
information  from  a  variety  of  sensors.  This  informa- 
tion can  be  displayed,  stored,  or  manipulated  in  a 
variety  of  ways — limited  only  by  the  imagination  of 
the  software  engineer.  The  power  and  flexibihty  of 
the  microprocessor  allows  a  redesign  of  the  operator 
interface  of  the  ventilator.  The  ventilator  of  the  1990s 
will  not  have  the  bewildering  array  ot  knobs  that 
characterizes  the  intensive  care  ventilator  of  the  1980s. 
The  operator  will  gain  access  to  controls  and  settings 
via  the  microprocessor  using  a  device  such  as  a 
keyboard,  touch  screen,  mouse,  or  track  ball  or 
through  speech  recognition.  Speech  output  will  be 
used  to  respond  to  verbal  requests  when  the  user 
is  busy  and  cannot  see  the  display  panel  on  the 
ventilator. 

The  primary  disadvantages  of  using  a  micropro- 
cessor to  operate  a  ventilator  are  related  to  safety 
and  quality  control.  It  has  been  well  documented 
in  aerospace  and  defense  applications  that  a  critical 
device  cannot  be  dependent  on  just  a  single 
microprocessor  operating  independently.  To  be  safe 
enough  for  use  in  a  life-support  device,  an  independent 
'watch  dog'  system  must  be  present  to  verify  correct 
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microprocessor  performance.  If  the  watch  dog  system 
detects  a  failure,  the  ventilator  should  enter  a  safe 
default  mode  of  operation  independent  of  the 
microprocessor.  An  even  more  ideal  situation  would 
be  to  have  completely  redundant  systems — simultane- 
ously operating  microprocessors  so  that  a  backup  can 
take  over  operation  in  the  event  of  a  failure. 

Power  fluctuations  and  failures  can  be  a  serious 
problem  for  microprocessor  systems.  When  the  power 
fails,  all  of  the  volatile  random  access  memory  (RAM) 
is  lost,  and  lost  with  the  RAM  are  all  of  the  ventilator 
settings,  monitored  data,  and  alarm  information.  The 
solution  is  to  have  battery  backup  power  for  the  RAM 
and  thus  be  able  to  maintain  the  essential  information, 
such  as  ventilator  settings.  Microprocessor-based 
ventilators  of  the  1980s  incorporate  such  safety 
systems  in  some  form;  however,  the  ventilators  of 
the  1990s  must  have  improved  safety  systems,  even 
though  such  systems  increase  ventilator  cost  and 
complexity. 

Software  quality  control  is  an  issue  that  is  being 
debated  throughout  the  microcomputer-based 
medical  devices  industry.^  In  1986,  a  software  error 
in  the  Therac  25  linear  accelerator  allowed  it  to  deliver 
25  times  the  lethal  dose  of  radiation  in  less  than  1 
second — causing  the  death  of  one  patient  and  severely 
injuring  two  others.^  In  1987,  the  Food  and  Drug 
Administration  (FDA)  published  a  list  of  products 
known  to  have  been  withdrawn  from  the  market 
because  of  software  errors.^  The  list,  which  is  probably 
not  complete,  includes  certain  models  of  infusion 
pumps,  surgical  lasers,  pacemakers,  blood  analyzers, 
ultrasound  scanners,  pediatric  spirometers,  cardiopul- 
monary function  analyzers,  and  cardiac  output 
computers.  In  response  to  a  number  of  serious  and 
fatal  hardware  and  software  failures  in  a  variety  of 
devices,  the  FDA  has  begun  to  regulate  software  to 
be  used  in  microprocessor-based  medical  devices.* 
All  software  for  a  life-support  device  must  be 
extensively  checked  for  software  'bugs'  before  being 
sent  to  the  clinician.  It  is  inappropriate  for  the  intensive 
care  unit  (ICU)  to  be  the  testing  ground  for  new 
software  releases.  In  the  1990s,  more  and  more 
emphasis  will  be  placed  on  software  validation  and 
quality  control. 

Modes 

Many  of  the  modes  of  mechanical  ventilation 
available  on  the  intensive  care  ventilators  of  the  1980s 


Abbreviations  Used  in  this  Paper 

ARDS 

=  Adult  respiratory  distress  syndrome 

CPAP 

=  Continuous  positive  airway  pressure 

ECMO 

=  Extracorporeal  membrane  oxygenation 

F102 

=  Fractional  concentration  of  inspired  oxygen 

I:E 

=  Inspiratory-to-expiratory  time 

IEEE 

=  Institute  of  Electrical  and  Electronics 

Engineers 

LCD 

=  Liquid-crystal  display 

MIB 

=  Medical  information  bus 

Pao, 

=  Arterial  oxygen  tension 

PEEP 

=  Positive  end-expiratory  pressure 

PetC02 

=  End-tidal  carbon  dioxide  tension 

PCIRV 

=  Pressure-controlled  inverse-ratio  ventilation 

SIMV 

=  Synchronized  intermittent  mandatory 

ventilation 

Sp02 

=  Oxygen  saturation  as  measured  via  pulse 

oximetry 

are  listed  in  Table  1.  In  addition,  such  modes  as 
pressure-release  ventilation  are  being  reported  in  the 
research  literature.''" 

The  ventilator  of  the  1990s  will  continue  to  provide 
all  of  these  modes  and  perhaps  provide  a  few  more. 
However,  the  proliferation  of  new  modes  will  not 
continue  because  the  scientific  and  clinical  commun- 
ities are  insisting  that  it  be  shown  in  prospective 
randomized  clinical  trials  that  new  modes  of 
ventilation  significantly  improve  patient  care  before 

Table  1 .  A  Listing  of  Modes  of  Ventilation  Available  on  Venti- 
lators in  1989 

Assist/Control  (Volume  Control) 

Volume  Control  +  Sigh 

Intermittent  Mandatory  Ventilation  (IMV) 

Synchronized  IMV  (SIMV) 

Pressure  Control 

Pressure  Control  with  Inverse  Inspiratory- 
Expiratory  Time  Ratios  (  PCIRV) 

Pressure  Support 

Continuous  Positive  Airway  Pressure  (CPAP) 

Mandatory  Minute  Ventilation  (MMV) 

SIMV  +  Pressure  Support 

SIMV  +  Pressure  Control 

MMV  +  Pressure  Support 

Manual 

High  Frequency 

Volume  Control  +  High  Frequency 
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these  modes  are  released  to  the  general  public.  The 
trend  will  be  toward  the  unification  of  existing  modes 
of  ventilation  into  a  small  subset  of  universally 
applicable  modes.  One  can  easily  imagine  a  merger 
of  pressure-support,  pressure-control,  pressure- 
controlled  inverse-ratio,  mandatory  minute  ventila- 
tion plus  pressure  support,  and  synchronized 
intermittent  mandatory  ventilation  plus  pressure 
control  as  one  mode — pressure-assisted  ventilation — 
in  which  the  presence  and  number  of  controlled 
breaths  are  determined  by  feedback  from  measures 
of  ventilation  and  oxygenation,  with  the  remainder 
of  the  breaths  being  pressure-supported.  Such  a  mode, 
with  the  correct  gas  delivery  system,  could  be  merged 
with  pressure-release  ventilation.  This  trend  reflects 
the  general  move  toward  a  small,  compact,  computer- 
controlled  mechanical  ventilator  that  is  simpler  to 
use. 

Monitoring 

The  most  obvious  new  direction  in  mechanical 
ventilators  is  in  monitoring.  Already,  most  of  the 
major  manufacturers  offer,  on  either  the  ventilator 
or  an  interfaced  computer,  extensive  data  collection 
and  display  both  in  textual  and  graphic  form.  The 
early  1990s  will  be  marked  by  the  widespread 
application  of  microcomputers  to  display  the  large 
amount  of  information  available  from  the  ventilator. 

Monitors  of  gas  exchange  and  hemodynamics  will 
be  merged  into  the  data  collection  system  of  the 
ventilator  to  provide  a  central  display  of  all  vital 
information.  Ventilators  may  have  plug-in  modules 
for  pulse  oximetry,  CO2  analysis,  and  noninvasive 
blood  pressure  measurement.  Manufacturers  will  also 
provide  a  communication  interface  so  that  the 
information  may  be  assimilated  into  the  ventilator 
display  from  external  monitors. 

Cathode  ray  tubes,  liquid  crystal  displays  (LCD), 
flat-panel  plasma-discharge  display  devices,  and 
twisted  crystal  displays  are  available  for  displaying 
information.  All  of  these  devices  are  in  use,  and  the 
device  that  can  display  the  most  graphic  information 
in  the  smallest  package  will  become  the  most  popular. 
As  the  user  interface  evolves,  the  computer  display 
will  become  much  more  vital  and  will  occupy  a 
proportionally  larger  percentage  of  the  device  panel. 
A  balance  between  providing  large,  high-resolution 
graphics  of  excellent  quality  and  constructing  small 


compact  ventilators  must  be  struck.  For  example,  a 
21 -in  high-resolution-graphics  color  monitor  occupies 
a  volume  of  5.4  ft'!  The  most  likely  result  will  be 
widespread  use  of  the  flat-panel  displays — the  LCD, 
plasma  discharge,  or  twisted  crystal  displays.  These 
displays  offer  reasonable  graphics  resolution  with  a 
large  viewing  area  but  at  small  expense  in  terms  of 
physical  size.  A  21 -in-square  flat-panel  display  may 
occupy  as  little  as  0.25  ftl 

All  of  the  existing  monitoring  packages  as  of  1989 
allow  the  user  to  select  a  combination  of  as  many 
as  20-30  different  variables  for  graphic  trending.  These 
systems  display  all  of  the  data  coming  from  the 
ventilator  either  in  raw  form  or  as  moving  averages. 
Little  or  no  attempt  is  made  to  remove  artifact  from 
the  signals  or  to  provide  higher  level  interpretation 
of  the  data.  Gardner  and  Clemmer"  have  pointed 
out  that  there  is  an  information  overload  in  the  ICU. 
The  overload  makes  it  impossible  for  the  clinician 
to  assimilate  effectively  all  of  the  information  that 
is  presented  to  him  and  to  make  a  correct  decision. 
The  presence  of  20-30  more  new  variables  will  only 
compound  the  problem.  The  monitoring  systems  of 
the  1990s  must  process  the  available  information, 
provide  a  higher  level  of  interpretation,  and  display 
the  results  in  a  simple  form. 

All  data  coming  from  the  ventilator  should  be 
validated  and  the  artifact  rejected  before  the  data 
are  displayed  to  the  user.  This  is  a  complex  issue 
because  many  so-called  artifacts  are  real  events  (eg, 
suctioning,  drug  nebulization,  and  patient  movement) 
rather  than  being  noise  inherent  in  the  sensing  systems. 
These  real  events  are  typically  not  recorded  or  acted 
upon  in  decision  making.  Extensive  work  remains 
to  be  done  in  defining  this  type  of  data  validation. 
The  respiratory  care  community  should  demand  that 
only  high  quality  data  important  to  decision  making 
be  displayed  on  the  monitoring  systems. 

Trend  plots,  bar  graphs,  and  other  traditional  forms 
of  data  display  can  be  helpful;  however,  they  do  not 
ease  the  information  overload.  In  the  future,  icon- 
based  displays  may  simplify  the  interpretation  of  data. 
The  display  in  its  simplest  form  would  be  a  picture 
of  the  patient  and  ventilator:  The  patient's  color  would 
indicate  the  oxygenation-ventilation  status.  At  a 
glance,  it  would  be  immediately  obvious  that  a  blue 
patient  is  in  deep  trouble  and  that  an  immediate 
response  is  necessary.  The  human  mind  processes  such 
images  more  efficiently  than  it  does  a  textual  display 
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of  pulse-oximetry  oxygen  saturation  (eg,  Sp02  = 
80%).'"  If  the  clinician  wants  more  information,  he 
selects  the  patient  icon;  consequently,  a  window  pops 
up  that  contains  the  current  specific  information.  If 
a  trend  is  desired,  a  soft  key  can  be  activated  to 
bring  up  a  color-coded,  traditional  trend  plot. 

Automated  interpretation  of  complex  data — such 
as  pressure-volume  and  expired  CO2  curves — should 
be  provided.  Rather  than  just  displaying  these  curves 
in  different  forms,  the  ventilator  should  provide  an 
interpretation  and  possible  diagnoses  ranked 
according  to  probability  of  occurrence.  For  example, 
if  a  CO2  waveform  with  a  sloping  phase  III  is  seen, 
the  system  should  respond  by  indicating  that  the 
patient  has  alveolar  dead  space  with  sequential 
emptying,  with  the  most  likely  cause  being  obstructive 
lung  disease  and  a  less  likely  cause  being  mechanical 
ventilation  with  small  tidal  volumes. 

Alarms  will  be  much  more  sophisticated.  For 
example,  if  the  patient  becomes  disconnected  from 
the  ventilator,  should  the  ventilator  respond  with  a 
low  airway-pressure  message,  a  low  airway-pressure 
alarm,  a  low  expired-minute-volume  display,  a  low 
expired  minute-volume  alarm,  a  low  end-tidal  CO2 
(PetcoO  display,  a  low  Petcoi  alarm,  a  low  Sp02 
display,  a  low  Sp02  alarm,  and  an  apnea  alarm?  No! 
The  system  should  interpret  all  of  these  conditions, 
conclude  that  the  patient  has  become  disconnected 
from  the  ventilator,  locate  the  problem,  flash  up  a 
picture  of  the  circuit  with  the  fault  isolated,  indicate 
that  the  patient  has  become  disconnected,  and  suggest 
a  solution. 


Communication 

Most  ventilators  as  of  1989  provide  some  form 
of  communication  port  to  send  ventilator  data  to  the 
outside  world.  All  of  the  microprocessor-based 
ventilators  of  the  1990s  will  provide  a  digital  interface 
from  which  an  array  of  variables  can  be  obtained 
with  every  breath.  The  Puritan-Bennett  7200 
ventilator  can  send  more  than  100  pieces  of 
information  out  the  digital  port  with  every  breath! 
In  the  future,  each  manufacturer  will  have  its  own 
hardware  and  software  communication  standards  that 
will  work  well  if  one  wants  to  communicate  among 
that  manufacturer's  devices — an  acceptable  situation 
if  one's  institution  purchases  equipment  from  a  single 
manufacturer.  However,  most  institutions  have  a 
mixture  of  makes  and  models  of  equipment.  How 
can  one  obtain  information  from  Siemens,  Puritan- 
Bennett,  Hamilton,  and  Ohmeda  ventilators  and  the 
'stat'  blood  gas  lab?  No  good  answer  to  this  problem 
now  exists,  and  it  is  a  major  stumbling  block  to  the 
installation  of  a  hospital-wide  automated  respiratory 
care  charting  system. 

A  committee  of  the  Institute  of  Electrical  and 
Electronics  Engineers  (IEEE)  has  been  developing 
a  standard  method  for  communicating  between 
medical  devices — to  allow  devices  of  all  makes  to 
communicate  with  each  other.  This  hardware  and 
software  standard  known  as  the  medical  information 
bus  (MIB)  has  been  approved  by  the  committee,  after 
5  years  of  deliberation.  It  seems  likely  that  at  least 
2  more  years  will  pass  before  the  MIB  standard  is 
adopted  and  put  into  use. 


Fig.  1.  Diagram  of  the  Medical  Infor- 
mation Bus  (MIB)  as  implemented  at 
tlie  LDS  Hospital  in  Salt  Lake  City, 
Utah.  DCC  =  Device  Communications 
Controller.  MCC  =  Master  Communi- 
cations Controller. 
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Fig.  2.  Example  of  MIB  ( )  and 

manually  collected  respiratory  care 
data  (—"•")  illustrating  the  large 
amount  of  'artifact'  present  in  data 
sent  from  the  ventilator. 
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Gardner  et  al  decided  several  years  ago  that  many 
things  could  be  learned  by  actually  using  the  proposed 
MIB,  and  they  have  proceeded  to  implement  the  1986 
IEEE  MIB  standard  1073.1  at  the  LDS  Hospital  in 
Salt  Lake  City,  Utah  (Fig.  1).''  The  MIB  has  been 
successful  at  the  LDS  Hospital  for  I.V.  pumps  and 
pulse  oximeters  and  for  the  measurement  of  mixed- 
venous  oxygen  saturation  and  gastric  pH.  We  have 
been  working  on  the  MIB  interface  for  the  Puritan- 
Bennett  7200  and  Siemens  900C  ventilators.'" 
Immediately  apparent  is  the  huge  volume  of 
information  coming  from  the  ventilator.  Approxi- 
mately 1500  pages  (6  megabytes)  of  breath-to-breath 
data  is  sent  from  the  Puritan-Bennett  7200  ventilator 
every  24  hours — bogging  down  the  MIB  and 
overloading  the  central  computer.  The  second  serious 


problem  is  that  very  little  data  validation  or  artifact 
removal  is  done  before  data  are  sent  out  of  the  digital 
port  of  the  ventilator.  To  prospectively  decide  which 
data  are  good  or  bad  is  very  difficult.  Figure  2  is 
an  example  of  data  collected  by  the  MIB  vs  that 
collected  by  the  respiratory  therapist.  It  is  obvious 
that  many  events  were  not  considered  to  be  important 
and  are  not  logged  during  the  manual  charting 
procedure.  Figure  3  shows  that  some  important  things 
were  mistakenly  not  entered  during  the  manual 
charting.  I  have  observed  clinicians  reacting  to  figures 
such  as  Figure  2  by  indicating  strongly  that  they  do 
not  want  the  "extra  garbage"  contained  in  the  MIB 
data. 

Such  a  reaction  implies  that  standards  are  needed 
for  all  respiratory  care  data  collection.  Important 
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variables  need  to  be  clearly  defined,  not  only  for 
decision  making  but  also  for  the  legal  record.  The 
valid  range  and  a  definition  of  a  significant  change 
should  be  established  for  each  variable.  I  would 
challenge  the  respiratory  care  community  to  establish 
these  standards — rather  than  leaving  such  decisions 
to  the  individual  manufacturer.  Perhaps  a  nationwide 
committee  should  be  formed  to  establish  minimum 
standards  for  respiratory  care  data  with  which  all 
manufacturers  must  comply.  It  is  only  through  such 
standardization  efforts  that  the  concept  of  automated 
respiratory  care  charting  and  computer-aided 
management  of  mechanical  ventilators  can  ultimately 
be  implemented  effectively  throughout  a  hospital  and 
across  the  country. 

Automated  Charting 

It  is  clear  that  the  ventilators  of  the  1990s  will 
provide  respiratory  care  charting  in  some  form.  Some 
ventilators  already  provide  rough  respiratory  care 
charting  systems.  The  issues  surrounding  the  MIB, 
which  were  discussed  in  the  section  on  commun- 
ication, play  a  vital  role  in  automated  charting. 
Machine-specific  charting  works  well  if  there  is  only 
one  type  of  ventilator  in  the  hospital — unlikely  in 
most  institufions.  If  a  hospital-wide  charting  system 
that  automatically  gathers  high  quality  data  from  all 
ventilators  is  desired,  a  communication  MIB  and 
respiratory  care  data  standard  are  required.  The  MIB 
data  can  then  be  printed  and  displayed  in  a  variety 
of  forms  depending  on  institutional  and  individual 
needs.  Such  a  system  could  be  used  as  the  basis  for 
charge  capture  for  respiratory  care  billing.  Each 
service  or  treatment  charted  would  be  assigned  a 
charge,  and  a  particular  patient  would  be  charged 
only  for  the  specific  services  or  treatments  received. 
The  hospital-wide  respiratory  care  charting  system 
at  LDS  Hospital,  which  is  based  on  manual  charting 
procedures,  has  been  shown  to  improve  efficiency, 
charge  capture,  and  departmental  management.'^  In 
addition  to  providing  for  routine  charting,  such  an 
integrated  system  can  provide  management  reports 
for  staff  scheduling,  duty  assignment/history, 
laboratory  data,  physicians'  rounds  reports,  and 
quality  assurance,  and  can  alert  clinicians  to  the  need 
to  modify  Fiqi,  PEEP,  peak  airway  pressure,  tracheal 
tube-cuff  pressure,  or  airway  temperature  in  response 
to  blood  gas  and  microbiology  data. 


By  the  late  1990s,  ventilators  should  all  be 
interfaced  to  the  MIB,  and  integrated  respiratory  care 
charting  and  management  should  be  part  of  a  hospital- 
wide  system. 

Computer-Aided  Management 

A  number  of  publications  have  shown  that  closed- 
loop  control  of  mechanical  ventilation,  with  the 
computer  directly  adjusting  the  ventilator  settings 
(respiratory  rate,  tidal  volume,  PEEP,  pressure-control 
level,  the  ratio  of  inspiratory-to-expiratory  time  [I:E], 
and  fractional  concentration  of  inspired  oxygen 
[F102]),  h^s  t)een  successful  in  animals. '*'""°  However, 
little  application  of  this  technology  has  been  made 
to  paUent  care — primarily,  I  believe,  because  of  safety 
issues.  It  has  been  impossible  to  guarantee  that  the 
sensors  measuring  oxygenation  and  ventilation  are 
accurate  and  reliable  enough  to  allow  complete 
computer  control.  Even  in  the  1990s,  sensor 
technology  may  not  progress  to  the  point  that  it  will 
be  safe  to  have  a  ventilator  totally  controlled  by 
computer. 

Data  exist  to  show  that  expert  systems  can  be  used 
successfully  to  manage  mechanical  ventilation  in  an 
open-loop  fashion.  In  these  systems,  the  computer 
makes  a  suggestion  to  the  clinician  who  must  then 
make  the  final  decision  and  adjust  the  ventilator. 
Computerized  protocols  for  the  management  of 
oxygenation  (control  of  Fjoi,  PEEP,  pressure-control 
level,  and  I:E)  have  been  developed  for  volume 
control,  PCIRV,  SIMV,  and  CPAP  modes  of 
mechanical  ventilation.^''^^  A  therapy  consensus 
committee  of  14  physicians,  3  nurses,  2  respiratory 
therapists,  and  2  doctors  of  philosophy  worked  316 
years  to  develop  these  flow-diagram  protocols.  The 
committee  members  were  from  the  Departments  of 
Pulmonary,  Critical  Care  Medicine,  Medical 
Informatics,  Respiratory  Care,  and  Anesthesia  at  LDS 
Hospital  and  the  University  of  Utah  and  included 
two  physician  research  associates  from  Dr  Gattinoni's 
group  at  the  University  of  Milan.  All  physicians  agreed 
to  forego  personal  bias  and  style  and  to  accept  the 
consensus  recommendations  for  ARDS  therapy  that 
were  incorporated  into  the  protocol  logic.  The 
protocols  included  input  from  surveys  of  the  literature 
as  well  as  local  expert  information. 

The  protocols  were  computerized  to  improve  their 
reliability  and  ease  of  use.  The  computerized  protocols 
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were  implemented  in  the  HELP  system,  a  compre- 
hensive, hospital-wide,  integrated  data  and  decision 
support  system.^^'^*  The  overall  structure  of  the 
computer  implementation  of  the  protocols  is  shown 
in  Figure  4.  The  protocols  are  "data  driven"  because 
entry  of  a  piece  of  important  information  into  the 
system  (eg,  an  arterial  blood  gas  value  or  Spo,  value) 
can  trigger  execution  of  the  protocols.  The  protocols 
first  categorize  the  patient's  arterial  oxygenation, 
ventilation,  and  acid-base  status.  It  is  much  more 
efficient  for  the  computer  protocols  to  operate  on 
categorical  variables  rather  than  to  deal  always  with 
continuous  variables.  Five  categories  have  been 
defined  for  arterial  oxygenation:  super-satisfactory, 
satisfactory,  acceptable,  marginal,  and  threatening. 
The  PaO:  thresholds  that  define  these  categories 
depend  on  the  barotrauma  status  of  the  patient.  These 
thresholds  are  shown  in  the  flow  diagrams  as 
conditionals  on  Pa02  ('e,  "Is  PaOi  ^  55?").  Similar 
categories  have  been  established  for  pH.  Once  the 
categorizations  have  been  made,  the  appropriate 
sections  of  the  protocols  are  invoked,  and  computer 
instructions  are  generated. 

The  clinical  staff  interacts  with  the  HELP  system 
via  the  bedside  terminal  to  receive  the  computer 
instructions.  The  other  functions  available  at  the 
bedside  are  review  of  the  current  patient  database 
(eg,  laboratory  test  results  and  vital  signs),  suspension 
of  protocol,  barotrauma  classification  (identification 
of  the  existence  and  type  of  barotrauma),  execution 
of  the  protocols  based  on  bedside  pulse-oximetry- 


determined  oxygen  category,  manual  activation  of 
the  protocols  based  on  the  current  HELP  patient 
database,  and  patient  enrollment.  All  of  the 
instructions  generated,  intermediate  data  categoriza- 
tion, actual  therapy  decisions  made,  reasons  for 
protocol  suspension,  and  reasons  for  rejection  of 
computer  instructions  are  stored  in  the  patient  file 
in  the  same  format  as  other  patient  data.  Data  storage 
in  the  patient  database  allows  use  of  the  unique  tools 
available  in  the  HELP  system  to  integrate  the  protocol 
performance  information  with  all  of  the  other  on- 
line patient  information. 

The  protocols  in  paper  flow-diagram  form  have 
been  used  for  over  12,000  hours  in  43  ARDS  patients 
who  met  extracorporeal  membrane  oxygenation 
(ECMO)  criteria,  of  whom  4 1  %  survived.  Anticipated 
survival  from  historical  data  is  9.5%  for  ARDS 
patients  meeting  ECMO  criteria."^  Although  this  is 
a  moderate-sized  group,  the  fourfold  increase  in 
survival  is  surprising.  These  protocols  assured 
uniformity  of  care  and  reduced  patient  perturbations 
(eg,  episodes  of  high  peak  pressure  and  high  Fiqi 
exposure).  The  results  clearly  establish  the  feasibility 
of  managing  the  arterial  hypoxemia  of  severely  ill 
ARDS  patients  by  guiding  decision  making  of 
physicians,  nurses,  and  respiratory  therapists  at  the 
patient's  bedside.  This  contrasts  with  the  common 
medical  wisdom  that  protocol  control  of  therapy  of 
such  complicated  ICU  patients  is  impossible."'' 

The  computer  protocols  were  used  simultaneously 
with  the  paper  protocols  for  3,388  hours  between 
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9/4/88  and  5/3/89  in  1 1  patients  who  met  ECMO 
criteria.  A  total  of  1 ,986  computer  protocol  decisions 
were  made — 1,485  (75%)  of  which  agreed  with  the 
actual  therapy  decisions  made. 

The  computer  performance  has  improved  dram- 
atically over  time  by  reduction  of  incomplete, 
erroneous,  and  unstable  patient  data  (human  errors) 
through  education  and  training,  and  by  elimination 
of  computer  software  failures.  In  our  last  8  patients, 
1,327  of  1,436  computer  decisions  (92%)  agreed  with 
actual  therapy  decisions  (Fig.  5).  The  success  of  these 
computer  protocols  clearly  establishes  the  feasibility 
of  controlling  the  therapy  of  severely  ill  patients  by 
guiding  decision  making  of  physicians,  nurses,  and 
respiratory  therapists  at  the  patient's  bedside. 

By  the  mid-1990s,  such  protocols  will  be  aiding 
the  clinician  in  limited  aspects  of  respiratory  care 
decision  making.  By  the  late  1990s,  more  compre- 
hensive protocols  will  cover  a  large  portion  of 
respiratory  care  patient  management.  Only  time  will 
tell  whether  protocols  such  as  these  will  have  the 
positive  impact  on  patient  survival  that  they  seem 
to  promise  at  the  present  time. 

Impact  on  Respiratory  Care 

Whenever  the  issues  of  automated  respiratory  care 
charting  and  computer-aided  management  of 
mechanical  ventilation  are  raised,  the  question 
inevitably  asked  is,  "Will  these  systems  eliminate  the 


respiratory  therapist?"  To  answer  this  question,  let 
us  consider  that  the  evolution  of  mechanical 
ventilators  is  not  too  different  from  that  of  modern 
aircraft.  Thirty  years  ago  all  aircraft  were  flown  by 
hand,  and  most  of  the  gauges  were  mechanical.  Today 
the  sophisticated  jet  fighter  is  totally  computerized. 
The  computer  not  only  controls  the  F-16  fighter  but 
also  makes  it  aerodynamically  stable.  This  implies 
that  the  aircraft  would  not  fly  at  all  if  it  were  not 
for  the  computer.  The  plane  can  fly  literally  thousands 
of  miles  and  land  all  under  complete  computer 
control.  Yet,  the  pilot  has  not  been  removed.  In  fact, 
two  pilots  are  required  on  scheduled  commercial 
airlines.  Whenever  one  reads  of  an  airline  mishap 
in  which  disaster  was  narrowly  averted,  one  does 
not  hear  about  the  computer  saving  lives.  It  is  the 
human  being,  the  pilot,  who  takes  over  in  the  crisis 
situations,  using  the  most  powerful  computer  in  the 
world,  the  human  mind,  to  safely  guide  the  aircraft. 
The  modern  ICU  is  not  really  that  much  different 
from  a  high  performance  jet  fighter.  Devices  provide 
vast  amounts  of  information  to  the  respiratory 
therapist  who  must  comprehend  the  information  and 
safely  control  the  ventilator.  The  computer  will  not 
replace  the  respiratory  care  specialist,  rather  it  will 
enhance  the  specialist's  abilities.  The  evolution  to  an 
automated  computerized  charting  system  and  to 
computer-aided  management  of  ventilation  will 
change  the  nature  of  the  respiratory  therapist's  job. 
The  fighter  pilot  of  today  is  not  trained  the  same 


Fig.  5.  Per  cent  correct  computer 
protocol  decisions  as  a  function  of 
patient  number  (time). 
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way  the  World  War  II  fighter  pilot  was  trained. 
Today's  pilot  must  know  and  understand  the 
computerized  instruments  and  systems  and  the 
complex  interactions  within  the  system.  As  we  have 
introduced  these  new  respiratory  care  concepts  in  the 
ICU  at  the  LDS  hospital,  we  have  seen  the  respiratory 
therapist  become  the  pivotal  person  in  operating  the 
computer  protocols  and  the  MIB.  Possessing  a  great 
deal  of  knowledge  about  the  computerized  system 
and  the  way  the  protocols  function,  the  therapist  is 
the  expert,  the  pilot,  of  the  highly  sophisticated 
mechanical  ventilator.  The  respiratory  therapist  is  also 
an  essential  part  of  the  decision-making  team  taking 
care  of  the  patient.  If  anything,  the  amount  of  time 
the  therapist  spends  with  the  patient  has  increased. 
The  era  of  the  respiratory  therapist  who  only  does 
incentive  spirometry  and  collects  some  data  from  the 
ventilator  is  gone.  The  new  tasks  facing  the  respiratory 
therapist  are  even  more  challenging.  The  therapist 
must  ensure  the  safe  and  correct  operation  of  these 
complex  new  systems  and  safely  guide  the  system 
by  hand  to  avert  disaster  in  the  event  of  a  malfunction. 
The  respiratory  therapist  will  be  the  pilot  of  ventilators 
of  the  1990s. 
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Introduction 

The  adult  respiratory  distress  syndrome  (ARDS) 
occurs  in  an  estimated  150,000  patients  annually  in 
the  United  States,  most  often  in  association  with  sepsis, 
major  trauma,  or  aspiration  of  gastric  contents.  The 
syndrome  is  characterized  by  the  development  of 
acute  respiratory  failure  with  hypoxemia  and  low  lung 
compliance  due  to  altered  permeability  of  the  gas 
exchange  barrier  and  loss  of  surfactant  function. 
Examination  of  lung  tissue  reveals  the  presence  of 
inflammatory  cells,  alveolar  and  interstitial  deposition 
of  fibrin,  protein-rich  edema,  and  loss  of  pulmonary 
microvasculature.  Despite  advances  in  the  under- 
standing of  ARDS  pathophysiology  and  improve- 
ments in  ICU  monitoring  and  respiratory  care,  the 
mortality  associated  with  ARDS  exceeds  50%  and 
has  not  changed  since  the  syndrome  was  first  described 
by  Ashbaugh  and  Petty  over  20  years  ago. 

The  treatment  of  ARDS  is  primarily  supportive, 
consisting  of  oxygen  therapy,  mechanical  ventilation, 
and  positive  end-expiratory  pressure  (PEEP).  To  date. 
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although  many  pharmacologic  interventions  have 
been  tried,  no  specific  treatment  has  proven  successful. 
In  this  paper,  we  review  the  drugs  that  have  been 
utilized  in  the  treatment  of  acute  lung  injury,  including 
those  that  have  been  subjected  to  rigorous  clinical 
trials  in  human  beings  as  well  as  those  that  have 
been  used  in  the  laboratory  or  have  been  the  subject 
of  anecdotal  reports  in  the  literature.  Pharmaco- 
therapy may  be  directed  at  the  physiologic  deran- 
gements that  characterize  ARDS,  at  the  inflammatory 
events  thought  to  be  responsible  for  the  initiation 
and  perpetuation  of  lung  injury,  or  at  prevention  of 
complications  (in  particular,  infectious  complications 
that  account  for  the  high  mortality). 

Drugs  To  Correct 
Disordered  Physiology  in  ARDS 

A  number  of  physiologic  abnormalities  develop 
during  the  course  of  respiratory  failure.  Hypoxemia 
develops  as  a  result  of  alveolar  edema  and  collapse, 
airflow  limitation,  and  abnormal  hypoxic  pulmonary 
vasoconstriction.  Additionally,  many  patients  develop 
right-heart  failure  and  reduced  cardiac  output  because 
of  increased  pulmonary  vascular  resistance  from  both 
active  vasoconstriction  and  obliteration  of  the 
pulmonary  vasculature  by  microthrombi.  A  variety 
of  agents  have  been  employed  in  an  effort  to  reverse 
these  physiologic  abnormalities  in  patients  with 
ARDS. 


Drugs  To  Correct  Hypoxemia 

Surfactant  Replacement.  The  success  of 
exogenous  surfactant  administration  in  the  manage- 
ment of  neonates  with  respiratory  distress  syndrome 
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Abbreviations  Used  in  this  Paper 

alpha  i-PI 

=  Alpha  1 -proteinase  inhibitor 

ARDS 

=  Adult  respiratory  distress  syndrome 

auto-PEEP 

=  Unintentional  (spontaneous)  PEEP 

IRDS 

=  Respiratory  distress  syndrome  of  infants 

PaO: 

=  Arterial  oxygen  tension 

PEEP 

=  Positive  end-expiratory  pressure 

(IRDS)  has  led  to  much  interest  in  this  form  of  therapy 
for  adults  with  respiratory  failure.  The  available 
products  range  from  artificial  phospholipid  prepara- 
tions to  natural  surfactants  derived  from  bovine  or 
porcine  lung  or  even  from  human  amniotic  fluid. 

Despite  the  success  of  trials  in  IRDS,  there  are 
many  potential  problems  with  surfactant  replacement 
therapy  for  adult  respiratory  failure.'^  It  appears  from 
experimental  work  that  the  proteins  present  in  natural 
surfactant  are  crucial  for  the  spreading  of  surfactant 
across  the  alveolar  epithelial  surface  and  for  effective 
surfactant  function  in  vivo.  Thus,  a  natural  product 
rather  than  one  synthesized  from  phospholipids  alone 
may  be  necessary.  Although  the  antigenicity  of  natural 
surfactant  products  has  not  presented  a  problem  in 
treating  neonates,  there  are  two  reasons  that  this  may 
not  be  the  case  in  adults.  First,  the  immune  system 
is  relatively  undeveloped  in  newborns,  especially  those 
born  prematurely,  so  the  response  to  foreign  antigens 
present  in  bovine  or  porcine  surfactant  is  likely  to 
be  absent  or  significantly  blunted.  Second,  the  fact 
that  IRDS  is  caused  by  surfactant  deficiency,  a 
problem  that  is  rapidly  corrected  in  most  infants  after 
delivery,  means  that  only  a  single  dose  may  be 
necessary.  In  ARDS,  there  is  every  reason  to  expect 
that  the  inflammatory  milieu  that  induces  surfactant 
dysfunction  in  the  first  place  will  be  present  to 
inactivate  exogenously  administered  surfactant,  so 
that  repeated  dosing  may  be  necessary,  enhancing 
the  likelihood  of  an  antibody  response. 

Another  problem  to  be  overcome  before  surfactant 
therapy  for  ARDS  can  be  widely  applied  is  related 
to  the  method  of  drug  delivery.  In  neonates,  surfactant 
is  given  as  a  liquid  bolus  as  the  infant  takes  his  first 
breath  before  the  lungs  are  filled  with  air.  In  adults, 
the  volume  of  surfactant  required  to  provide 
therapeutic  benefit  has  been  estimated  to  be  as  much 
as  250-300  mL.  To  deliver  this  as  a  bolus  would 


almost  certainly  compromise  a  patient  already 
experiencing  respiratory  distress.  A  number  of 
investigators  are  currently  (1989-90)  working  on 
development  of  an  optimal  delivery  system;  results 
available  thus  far  suggest  that  an  aerosol  delivery 
system  may  be  the  most  effective. 

Surfactant  replacement  therapy  has  shown  promise 
in  certain  animal  models  of  ARDS,  but  results  are 
variable.  A  handful  of  medical  centers  are  testing 
surfactant  products  in  humans,  but  no  controlled  trials 
have  been  performed.  In  selected  cases,  surfactant 
therapy  has  led  to  transient  improvements  in 
compliance  and  oxygenation.  Much  effort  is  being 
devoted  to  the  synthesis  of  a  surfactant  product  that 
combines  the  phospholipid  component  with  human 
recombinant  surfactant  proteins.  Such  products  are 
likely  to  be  tested  in  the  near  future  and  show  great 
promise  as  a  potential  breakthrough  in  the  manage- 
ment of  patients  with  ARDS. 

Reduction  of  Lung  Edema.  Because  pulmonary 
edema  is  a  prominent  feature  of  ARDS,  it  makes 
sense  that  drugs  to  reduce  the  accumulation  of  edema 
fluid  in  the  lung  would  be  useful.  Intensive  diuretic 
therapy  has  been  utilized  by  some  workers  in  an  effort 
to  'dry  out'  the  lungs  and  improve  gas  exchange.^ 
Such  efforts  have  met  with  limited  success.  Although 
radiographic  improvement  may  occur,  and  the  PaOj 
may  increase  slightly,  the  hazard  exists  that  volume 
depletion  may  decrease  cardiac  output,  ultimately 
impairing  tissue  oxygen  delivery.  This  is  especially 
true  in  ARDS  patients  with  sepsis  or  recent  traumatic 
injuries  in  whom  intravascular  volume  may  already 
be  low  due  to  altered  vascular  permeability.  Other 
authors  have  advocated  the  use  of  vasoactive  and 
inotropic  agents  to  maintain  cardiac  output  while 
minimizing  pulmonary  intravascular  pressures, 
thereby  reducing  the  movement  of  fluid  into  the  lung 
interstitium.''  The  use  of  dopamine  and  nitroprusside 
has  been  shown  to  improve  oxygenation  and  tissue 
oxygen  delivery  in  experimental  animals.  Another 
approach  to  reducing  lung  edema  involves  the  use 
of  beta  agonists  such  as  terbutaline  to  enhance  the 
clearance  of  alveolar  edema  by  epithelial  cells.' 
Although  Berthiaume  et  al  have  demonstrated 
accelerated  liquid  clearance  from  the  lung  in  sheep 
treated  with  terbutaline,  this  therapy  has  not  yet  been 
applied  in  humans. 

Bronchodilator  Therapy.  Airflow  limitation  is  not 
often  considered  a  part  of  the  pathophysiology  that 
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occurs  in  ARDS,  yet  work  in  experimental  animals 
and  a  recent  report  in  patients  with  ARDS  suggests 
that  reversible  airflow  obstruction  is  extremely 
common.  The  administration  of  metaproterenol  by 
aerosol  in  ventilated  patients  with  ARDS  has  been 
shown  to  significantly  reduce  airflow  resistance.* 
Although  in  theory  this  would  be  expected  to  improve 
ventilation  and  oxygenation,  to  lower  airway 
pressures,  and  to  lessen  the  risk  of  auto-PEEP, 
important  clinical  benefit  has  not  been  demonstrated. 
Promotion  of  Ventilation/Perfusion  Matching. 
Reflex  vasoconstriction  in  response  to  regional 
hypoxia  is  probably  impaired  in  ARDS  and  may 
contribute  to  increased  shunt.  Almitrine  has  been  used 
in  patients  with  chronic  obstructive  lung  disease  and 
in  ARDS  to  augment  the  pulmonary  vascular 
response  to  regional  hypoxia,  improving  ventilation- 
perfusion  matching  and  increasing  oxygenation.  In 
a  study  reported  from  France,  the  effect  was  variable, 
but  Pao^  improved  in  most  ARDS  patients  treated 
with  the  drug.^  There  was  a  slight  but  nonsignificant 
increase  in  pulmonary  artery  pressure  and  no 
significant  change  in  cardiac  output.  Almitrine  has 
not  yet  been  marketed  in  the  United  States,  but  it 
shows  promise  as  a  temporizing  agent  in  patients  with 
severe  ARDS. 

Drugs  To  Correct  Pulmonary  Hypertension  and  Right- 
Heart  Failure 

Vasodilators.  As  described  earlier,  nitroprusside 
and  other  vasodilators  have  been  utilized  in  ARDS 
patients  in  an  effort  to  reduce  afterload,  augmenting 
cardiac  output  while  at  the  same  time  lowering 
pulmonary  intravascular  pressures.  However, 
nitroprusside  is  a  nonselective  vasodilator  with 
systemic  as  well  as  pulmonary  effects.  Systemic 
hypotension  can  be  a  limiting  factor,  particularly  for 
the  treatment  of  patients  with  sepsis,  burns,  or  trauma 
who  are  already  vasodilated  peripherally.  Further- 
more, nitroprusside  has  been  shown  to  impair  hypoxic 
pulmonary  vasoconstriction  and  may  worsen  arterial 
oxygenation.  Nitroglycerine  has  less  of  an  effect  on 
the  hypoxic  vascular  response,  and  hydralazine 
appears  to  have  little  if  any  effect.  However,  both 
of  these  agents  have  systemic  vascular  effects  as  well, 
again  making  hypotension  a  limitation  to  their  use. 

Prostaglandin  Ei  (PGEi)  is  a  vasodilator  prosta- 
glandin with  weak  anti-inflammatory  properties  that 


is  metabolized  by  the  lung  with  nearly  complete 
clearance  in  a  single  pass  through  the  lung.  As  a 
result,  PGEi  acts  as  a  pure  pulmonary  vasodilator. 
PGEi  has  been  tested  in  ARDS  patients  by  a  number 
of  investigators  and  has  been  shown  to  lower 
pulmonary  vascular  resistance  and  increase  cardiac 
output  in  these  patients.  Although  one  early  report* 
suggested  improved  survival  in  ARDS  patients  treated 
with  PGEi,  results  of  a  recent  multicenter  trial  showed 
no  effect  on  outcome.**  The  effect  of  PGEi  on  hypoxic 
pulmonary  vasoconstriction  is  not  known. 

Inotropic  Agents.  The  use  of  inotropic  agents  to 
maintain  cardiac  output  in  the  face  of  hypovolemia 
was  discussed  earlier.  There  has  also  been  interest 
in  using  inotropes  to  treat  right-heart  failure  in  ARDS, 
although  limited  data  are  available.^  Dobutamine 
offers  advantages  over  dopamine  for  the  treatment 
of  right-heart  failure  in  that  it  augments  contractility 
while  lowering  pulmonary  vascular  pressures,  thereby 
reducing  right  ventricular  afterload  and  left  ventricular 
preload.  Dobutamine  also  has  less  of  an  effect  on 
heart  rate  than  dopamine,  allowing  more  time  for 
ventricular  filling,  an  important  compensatory  factor 
in  cor  pulmonale.  Amrinone  and  milrinone  have  also 
been  used  for  inotropic  support  in  critically  ill  patients, 
but  use  in  patients  with  pulmonary  hypertension  and 
respiratory  failure  is  limited. 

Anticoagulant  and  Fibrinolytic  Agents.  Intravas- 
cular and  extravascular  activation  of  the  clotting 
cascade  has  been  demonstrated  in  ARDS,  and 
intravascular  thrombosis  can  be  seen  by  angiography 
and  histopathologic  examination.  Although  their 
contribution  is  not  clearly  understood,  coagulation 
proteins  appear  to  play  a  major  role  in  inflammatory 
lung  injury  and  in  the  systemic  response  to  sepsis 
and  trauma.  Therapy  with  protein  C,  an  endogenous 
anticoagulant,  has  been  shown  to  enhance  survival 
in  septic  mice,  and  fibrinolytic  therapy  with  urokinase 
has  been  shown  to  protect  against  the  development 
of  lung  injury  in  a  rat  trauma  model.'""  Anticoag- 
ulants (such  as  heparin  or  protein  C)  or  fibrinolytic 
agents  (such  as  streptokinase,  urokinase,  or  tissue 
plasminogen  activator)  have  not  been  used  in  humans 
at  risk  for  or  with  established  ARDS.  Obviously, 
there  are  risks  in  treating  patients  with  recent  major 
injury  or  with  disseminated  intravascular  coagulo- 
pathy. However,  this  approach  is  likely  to  be  tested 
in  the  next  year  or  two,  particularly  in  patients  with 
sepsis. 
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Drugs  To  Reduce  Alveolar  Inflammation 

Nonspecific  Anti-inflammatory  Agents.  Corti- 
costeroids have  been  widely  used  in  the  treatment 
of  ARDS.  However,  several  well-conducted  clinical 
trials  have  failed  to  demonstrate  any  benefit  of  steroids 
in  ARDS.'"'''  Not  only  is  early  high-dose  steroid 
therapy  of  no  benefit  in  established  ARDS,  steroid 
therapy  prior  to  ARDS  in  patients  with  sepsis,  major 
surgery,  or  trauma  does  not  prevent  or  lessen  the 
severity  of  respiratory  failure.  In  some  series,  results 
suggest  that  steroid  therapy  may  increase  the  risk  of 
infectious  complications.'^"'''  Each  of  these  trials  has 
limited  corticosteroid  administration  to  the  very 
earliest  stages  of  lung  injury.  It  is  possible  that  the 
selective  use  of  sustained  high-dose  corticosteroids  in 
patients  with  severe,  nonresolving  ARDS  may  be 
beneficial  as  suggested  by  two  uncontrolled 
studies."" 

Ibuprofen  has  been  studied  in  animals  and  in  a 
small  number  of  human  beings  at  risk  for  ARDS 
because  of  sepsis.  This  nonsteroidal  anti-inflammatory 
drug  appears  to  have  beneficial  effects,  but  it  is  not 
clear  whether  improvements  in  pulmonary  vascular 
resistance,  airflow  resistance,  and  outcome  are  due 
to  the  action  of  the  drug  on  inflammatory  cells  or 
the  influence  of  cyclo-oxygenase  inhibition  on 
pulmonary  physiologic  responses. 

Pentoxifylline  is  a  drug  that  is  marketed  for  use 
in  human  beings  with  peripheral  vascular  disease,  but 
it  has  gained  popularity  in  recent  years  as  an  agent 
with  diverse  anti-inflammatory  properties  that  may 
be  useful  in  treating  patients  with  acute  lung  injury." 
Pentoxifylline  has  been  shown  to  reduce  neutrophil 
adherence  and  leukostasis  and  to  blunt  the  response 
of  neutrophils  to  inflammatory  cytokines  such  as 
tumor  necrosis  factor.  In  experimental  models  of 
pulmonary  injury,  the  drug  has  improved  lung  edema, 
protein  leak,  and  even  survival.  To  date,  no  ARDS 
studies  have  been  done  in  patients,  but  there  is  great 
interest  in  pentoxifylline  among  intensivists — making 
it  likely  that  this  agent  will  be  tested  in  the  near 
future. 

Scavengers  of  Inflammatory  Products.  Another 
approach  to  treating  inflammatory  lung  injury  is  to 
block  injurious  mediators  after  their  release  from 
inflammatory  cells.  Alphai-proteinase  inhibitor 
(alpha i-PI),  now  available  for  use  in  patients  with 
congenital  alpha i-antitrypsin  deficiency,  is  one  drug 


that  has  been  tested  in  small  series  of  patients  with 
ARDS  or  a  risk  for  ARDS.  Although  plasma  levels 
of  alphai-PI  can  be  augmented  by  intravenous 
administration,  the  effect  on  alveolar  fluid  levels  is 
less  clear.  From  other  work,  it  appears  that  a  large 
quantity  of  functional  alpha  i -PI  is  present  within  the 
lung  during  ARDS,  so  it  is  unlikely  that  this  product 
or  synthetic  antiproteases  will  offer  additional  benefit. 

Antioxidants  such  as  superoxide  dismutase  and 
catalase  have  been  administered  in  a  number  of  animal 
studies  with  mixed  results.  The  most  promising  work 
with  antioxidants  involves  the  use  of  liposome- 
encapsulated  antioxidants,  which  appear  to  reach 
intracellular  locations."*  Liposome-encapsulated 
superoxide  dismutase  plus  catalase  has  been  shown 
to  prevent  lung  injury  following  sepsis  in  baboons 
and  following  hyperoxia  in  mice.  However,  the 
technology  of  liposome-encapsulation  is  cumbersome 
and  expensive,  so  wide  clinical  application  is  unlikely 
in  the  near  future.  N-acetylcysteine,  an  antioxidant 
currently  used  to  treat  acetaminophen  overdose,  has 
been  shown  to  lessen  the  lung  injury  associated  with 
sepsis  and  with  bleomycin  injury  in  animals.''*'^" 
Clinical  trials  in  human  beings  with  ARDS  are 
currently  under  way. 

Pharmacologic  agents  with  specific  effects  on  a 
variety  of  inflammatory  mediators  have  been 
advocated  by  ARDS  researchers.  Platelet-activating 
factor  antagonists  have  been  shown  to  preserve  blood 
pressure  and  hypoxic  pulmonary  vasoconstriction  in 
septic  rats."'  Although  conflicting  reports  exist,  these 
agents  do  not  appear  to  have  a  beneficial  effect  on 
vascular  permeability.  Biotechnology  firms  have 
developed  monoclonal  antibodies  directed  against 
specific  proinflammatory  factors  thought  to  be 
involved  in  acute  lung  injury.  Monoclonal  antibodies 
against  tumor  necrosis  factor  have  been  demonstrated 
to  reduce  the  shock,  organ  failure,  and  mortality 
associated  with  sepsis  in  baboons.""  Anti-endotoxin 
therapy  has  been  tested  in  several  trials.  Although 
the  results  are  not  yet  available  from  recent  studies 
in  which  monoclonal  antibodies  were  employed,  very 
promising  results  have  been  reported  using  polyclonal 
antisera  in  patients  in  septic  shock,  with  significantly 
improved  survival  and  shock  reversal."  Antibodies 
against  the  proinflammatory  complement  fragment 
C5a  were  found  to  reduce  hypoxemia  and  lung  edema 
in  a  primate  model  of  sepsis,  but  human  studies  have 
not  been  performed.*'' 
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Drugs  To  Prevent  ARDS  Complications 

Drugs  in  this  category  are  directed  primarily  at 
preventing  the  infectious  complications  that  account 
for  the  majority  of  ARDS  deaths.  Most  infections 
in  ARDS  patients  involve  the  respiratory  tract,  so 
the  prevention  of  airway  colonization  and  pneumonia 
has  a  high  priority.  An  Australian  group,  having 
observed  that  herpes  simplex  virus  was  present  in 
30-70%  of  ARDS  patients,  went  on  to  study  the  effect 
of  therapy  with  acyclovir,  an  antiviral  agent,  in 
patients  with  ARDS."  Although  acyclovir  therapy 
successfully  sterilized  the  respiratory  tract  and  reduced 
the  incidence  of  positive  cultures  to  17%,  no  benefit 
in  terms  of  ARDS  severity,  duration,  or  outcome 
was  observed. 

Bacterial  rather  than  viral  infection  of  the  lower 
respiratory  tract  is  probably  the  greatest  problem  in 
ARDS.  This  is  presumed  to  be  due  to  impaired  local 
and  systemic  host  defenses  and  the  propensity  toward 
colonization  with  nosocomial  pathogens  that  are 
increasingly  resistant  to  treatment.  One  route  of 
respiratory  tract  colonization  is  through  regurgitation 
and  aspiration  of  bacteria  from  the  gastric  reservoir 
in  patients  with  gastric  tubes  and  impaired  conscious- 
ness. The  use  of  sucralfate  rather  than  antacids  or 
H-2  blockers  for  prophylaxis  against  stress  mucosal 
ulceration  has  been  shown  to  resuU  in  a  significantly 
lower  incidence  of  lower  respiratory  tract  infections 
and  reduced  mortality  in  mechanically  ventilated  ICU 
patients."^  "^  This  effect  may  be  due  in  part  to  the 
preservation  of  gastric  acidity,  which  prevents 
proliferation  of  bacteria  within  the  stomach,  but 
sucralfate  appears  to  exert  a  direct  antimicrobial  effect 
as  well.  At  least  two  European  studies"  '"  have 
reported  that  the  use  of  topical  antibiotics  to 
decontaminate  the  oropharynx  and  gastrointestinal 
tract  reduces  the  incidence  of  pneumonia  in  ICU 
patients.  However,  to  date,  these  studies  have  not 
shown  a  reduction  in  mortality.  None  of  these  trials 
has  been  conducted  in  a  population  of  ARDS  patients, 
so  the  extrapolation  of  results  to  patients  with  acute 
lung  injury  must  be  made  with  caution. 

Another  approach  to  preventing  or  ameliorating 
infectious  complications  is  represented  by  immuno- 
therapy. Pseudomonas  immune  globulin  has  been 
shown  to  improve  the  outcome  of  Pseudomonas 
pneumonia  in  animals,  and  a  human  trial  is  currently 
in  progress.""'  This  persistent  and  difficult-to-treat 


organism  is  the  most  frequently  isolated  gram-negative 
pathogen  seen  in  ARDS,  and  its  presence  in  this 
patient  population  is  nearly  always  associated  with 
a  fatal  outcome.  The  use  of  anti-endotoxin  therapy 
in  patients  with  established  sepsis  was  discussed 
earlier.''  The  prophylactic  application  of  immuno- 
therapy in  ARDS  patients — that  is  enhancement  of 
the  immune  response  prior  to  the  development  of 
overwhelming  infections  or  sepsis — may  offer  an  even 
more  effective  strategy  than  treatment  after  the  fact. 
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Mechanical  Ventilation  and  Respiratory  Care 

in  the  Home  in  the  1990s: 

Some  Personal  Observations 


Allen  I  Goldberg  MD 


I.  The  Challenge  of 
Home  Mechanical  Ventilation 

Modern  practices  of  pulmonology,  critical  care,  and 
rehabilitation  have  made  long-term  mechanical 
ventilation  a  present  reality.  However,  each  ventilator- 
dependent  person  finds  a  different  situation  depending 
upon  where  he  lives.  Not  all  nations  are  at  the  same 
stage  of  evolution  with  regard  to  approaches  designed 
to  help  the  ventilator-assisted  person  return  home. 
How  programs  develop  and  function  today  is  very 
different  depending  upon  the  country  and  the  specific 
region. 

What  programs  have  different  nations  put  in  place 
for  persons  who  require  prolonged  mechanical 
ventilation?  When  did  it  become  necessary  for  these 
programs  to  develop?  Who  has  been  essential  to  their 
creation?  Where  and  how  did  the  initial  programs 
find  their  support?  Why  have  these  programs  evolved 
the  way  they  have? 

Program  Solutions: 
U.S.A.,  France,  and  England 

The  historical  origins  of  home  mechanical 
ventilation  programs  are  found  in  the  world-wide 
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experience  with  poliomyelitis.'  Every  nation  had 
survivors  who  required  prolonged  hospitalization. 
Among  them  were  the  first  generation  of  ventilator- 
assisted  patients — some  of  whom  remained  for  years 
in  special  'polio'  centers.  Home  mechanical  ventilation 
was  a  direct  outcome  of  efforts  by  medical  leaders 
and  ventilator  users  in  these  centers.  Whether  such 
patients  were  ever  discharged  home  depended  on  what 
happened  in  and  to  those  polio  centers. 

United  States 

The  polio  centers  were  phased  out  in  the  mid- 
50s  after  the  discovery  of  the  polio  vaccine.  The 
voluntary  organization  (National  Foundation-March 
of  Dimes),  which  had  established  the  polio  centers, 
then  redirected  its  mission  to  birth  defects.  Much  of 
the  clinical  expertise  developed  during  the  polio  era 
led  to  the  techniques  and  technologies  used  today 
in  modern  intensive  care,  pulmonary,  and  rehabil- 
itative medicine.  However,  with  several  notable 
exceptions,  the  U.S.  was  not  to  see  a  direct 
continuation  of  the  home  care  experiences  from  that 
period  to  present-day  practice.  There  was  to  be  a 
hiatus  until  progress  in  medicine,  surgery,  anesthesia, 
and  critical  care  created  a  second  generation  of 
patients  in  need  of  long-term  mechanical  ventilation. 

The  U.S.  exceptions  were  the  publically  financed 
polio  centers  that  remained  open:  Goldwater 
Memorial  Hospital,  New  York  City,  New  York; 
Rancho  Los  Amigos,  Downey,  California;  and  the 
Institute  for  Research  and  Rehabilitation,  Houston, 
Texas.^  Each  developed  respiratory  rehabilitation  and 
home  mechanical  ventilation  programs  for  polio 
patients  and  others  with  neuromuscular  diseases.  The 
experiences  in  such  centers  and  with  other  isolated 
individual  cases  in  the  U.S.  and  around  the  world 
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were  documented  by  a  unique  consumer  (user) 
network  in  the  publication  Rehabilitation  Gazette/ 
This  documentation  was  to  provide  the  inspiration 
for  a  new  generation  of  medical  leaders  and  ICU 
ventilator  users  who  were  to  attempt  new  demon- 
strations of  home  mechanical  ventilation. 

In  1982,  U.S.  Surgeon  General  C  Everett  Koop 
brought  the  issue  of  developing  programs  for 
ventilator-dependent  children  to  national  prominence 
as  a  case-example  of  children  with  special  needs." 
In  1983,  the  U.S.  Department  of  Health  and  Human 
Services,  Public  Health  Service,  Division  of  Maternal 
and  Child  Health,  sponsored  four  special  projects  of 
regional  and  national  significance  to  create  and 
evaluate  home  care  models  for  these  children.^  In 
1984  and  1985,  two  major  studies  of  current  status, 
problems,  and  dimensions  of  life-sustaining  technol- 
ogies were  authorized  by  the  U.S.  Congress,  Office 
of  Technology  Assessment  (OTA).*'  In  1986,  the 
Secretary  of  Health  and  Human  Services  convened 
a  major  task  force  to  study  the  needs  of  technology- 
dependent  children.*  In  1989,  the  Health  Care 
Financing  Administration  designated  several  demon- 
stration programs  for  elderly  persons  requiring 
prolonged  mechanical  ventilation.' 

The  U.S.  has  not  yet  developed  an  integrated 
systems  approach  to  home  mechanical  ventilation. 
Funding  for  the  home  care  of  ventilator-assisted 
persons  is  often  determined  on  an  individual-case 
basis.  Most  programs  are  based  at  centers  whose 
leaders  have  attempted  to  develop  local  solutions. '°"" 
Home  care  services  and  funding  are  fragmented  and 
poorly  coordinated.  Many  agencies,  voluntary 
associations,  and  proprietary  organizations  are 
involved,  but  no  uniform  systems  management  exists 
to  take  advantage  of  scale  economies,  learning-curve 
efficiencies,  and  quality  control  technologies. 


France 

Because  polio  vaccination  was  not  initially 
mandatory  in  France,  their  need  for  polio  treatment 
centers  continued  and  new  polio  patients  were 
admitted  well  into  the  1960s."  These  centers,  which 
were  eventually  incorporated  into  the  intensive  care 
units,  became  'home'  to  the  patients  who  filled  their 
beds.  In  Lyon  (Sedallion  Pavillion,  Croix-Rousse)  and 
Paris  (Breznin  Pavillion,  Raymond  Poincare, 
Garches)  polio  survivors  and  physicians  together  took 


the  initiative  to  make  possible  home  mechanical 
ventilation."'' 

Many  early  leaders  of  intensive  care  medicine  in 
France  were  students  of  the  directors  of  original  polio 
centers.  Their  early  experiences  with  prolonged 
mechanical  ventilation  made  them  comfortable  with 
the  concept  of  home  mechanical  ventilation.  They 
were  motivated  by  social  concerns  for  their  patients 
and  the  need  to  make  acute  care  resources  available 
to  new  patients.  They  enlisted  the  involvement  of 
regional  government  officials  and  finance  authorities 
who  were  interested  in  new  and  better  ways  to  extend 
the  value  and  range  of  their  own  health  care  budgets.'^' 

France  has  a  cultural  tradition  of  serving  the  public 
good  with  voluntary  associations  established  under 
the  law  of  1901.  Thus,  it  was  only  natural  for  regional 
associations  to  develop  ICUs  from  these  original  polio 
centers — initially  for  social  reasons  and  medical 
purposes — and  to  allow  services  to  be  extended  to 
new  patients  with  similar  needs  but  with  conditions 
other  than  polio.^'  Prominent  political  figures  were 
included  among  the  leaders  who  directed  the 
establishment  and  growth  of  these  associations.  The 
original  associations  became  models  for  other  regions 
facing  similar  problems;  these  other  regions  adapted 
the  model  to  their  unique  localities.  Eventually,  a 
major  government-sponsored  study  recommended 
this  approach  to  meet  the  large  and  growing  demand 
for  home  oxygen,  the  extension  of  regional  associ- 
ations to  all  of  France,  and  the  creation  of  a  national 
federation  of  the  regional  associations  (ANTADIR).'* 

Currently,  over  20,000  ventilator-assisted  and/or 
oxygen-dependent  patients  obtain  home  care  services 
from  community-based  regional  associations  that  are 
linked  to  local  associations  serving  a  variety  of  social 
needs  and  to  centers  of  expertise  at  regional 
(university)  medical  centers.  These  programs  provide 
equipment,  supplies,  and  comprehensive  surveillance; 
they  have  been  established  through  the  collaborative 
effort  of  health  care  professionals,  patients  and 
families,  funding  authorities,  and  governmental 
officials.  They  fully  coordinate,  integrate,  and  provide 
the  social,  technologic,  and  health  care  services 
necessary  for  successful  home  mechanical 
ventilation.^ 

England 

The  Responaut  Program  evolved  (in  the  1960s) 
from  England's  first  intensive  care  unit  at  the  St 
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Thomas  Hospital  in  London/*  Incorporated  into  this 
original  ICU  was  a  former  polio  unit  with  beds 
occupied  by  polio  survivors  who  still  required 
mechanical  ventilation.  Home  care  was  established 
through  the  cooperative  ingenuity  and  tireless  efforts 
of  these  patients  and  their  physicians.  The  drama- 
tization of  their  cause  to  political  leaders  led  to  a 
major  national  study:  The  Responaut  Study.^'^  The 
Responaut  program  enabled  these  original  patients 
to  return  (with  personal  care  attendants)  to  the 
community  or  to  their  families.  Services  were  then 
extended  to  other  patients  with  neuromuscular 
diseases  whose  lives  were  being  sustained  by  medical 
technology. 

The  Responauts  also  created  a  voluntary  associ- 
ation (PRUPA)  responsible  for  the  development  of 
a  home  care  program  at  the  Phipps  Respiratory  Unit 
at  St  Thomas.  From  this  base  unit  of  expertise,  the 
Responaut  Program  provides  a  growing  number  of 
patients  throughout  England  and  beyond  with  a 
comprehensive  home  maintenance  service  that  meets 
health,  social,  and  equipment  needs.  The  Responaut 
program  is  linked  to  other  voluntary  organizations 
in  England  (that  serve  persons  with  disabilities)  to 
make  comprehensive  services  available  to  ventilator- 
assisted  individuals  in  the  community."* 

Program  solutions  in  countries  other  than  the  U.S. 
have  shown  that  demonstrations  and  studies  are 
prerequisite  to  the  public  policy  determination  and 
health  care  financing  authorization  needed  to 
stimulate  major  program  development.  Model 
programs  operational  today  were  developed  in  ways 
that  were  appropriate  to  the  cultural  traditions  of 
each  country. 


illnesses  can  be  saved,  stabilized,  and  offered  the  home 
care  alternative.  Progress  in  acute  intensive  care  and 
rehabilitation  creates  this  patient  population  in  the 
first  place.  New  medical  practices  and  devices 
stimulate  home  care:  prolonged  mechanical  ventila- 
tion, the  portable  ventilator,  the  oxygen  concentrator, 
the  nasal  mask,  and  the  transtracheal  catheter. 

A  Critical  Number  of  Patients 

A  critical  number  of  patients  is  required  to  make 
a  program  worthwhile  and  necessary.  Although 
isolated  cases  may,  for  humane  reasons,  qualify  for 
discharge  to  home,  projected  cost  savings  are  required 
before  programs  can  develop.  Acute  care  beds  must 
have  become  limited  because  of  prolonged  occupancy 
by  such  patients,  and  hospitals  must  be  facing 
economic  loss  from  inadequate  reimbursement. 
Financial  authorities  must  anticipate  sufficient 
economic  returns  for  funding  program  development 
because  home  mechanical  ventilation  programs 
develop  only  when  associated  with  larger  social  or 
financial  issues. 

Level  of  Awareness 

Patients,  families,  physicians,  and  all  others 
involved  must  become  aware  that  home  mechanical 
ventilation  is  a  possible,  safe,  and  preferable 
alternative  and  must  become  committed  to  program 
development.  Building  awareness  among  the  medical 
community  and  the  public  is  often  accomplished  by 
convening  conferences  to  share  models  and 
experiences. 


Program  Evolution 

What  is  in  place  in  each  nation  fits  the  political, 
economic,  social,  and  cultural  realities  of  the  country 
and  the  regional  peculiarities  of  each  locality.  In 
addition,  there  seems  to  be  a  predictable  pattern  of 
evolution  of  home  mechanical  ventilation  around  the 
world.  There  are  certain  predeterminants  and  steps 
that  occur  before  major  programs  develop. 


Degree  of  Acceptability 

Many  categories  of  people  and  organizations  must 
accept  home  mechanical  ventilation  and  become 
involved  if  the  concept  is  to  become  a  reality.  All 
have  their  own  requirements  for  participation.  A 
mechanism  must  be  established  for  them  to  work 
together  for  program  planning,  implementation,  and 
evaluation. 


Medical  Progress 

Medical  techniques  and  technologies  must  have 
developed  to  a  point  where  patients  with  critical 


Skillful  Leadership 

Most  home  ventilation  programs  are  the  outgrowth 
of  leadership  efforts  by  doctors,  patients  and  families. 
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and  other  key  persons  (eg,  hospital  administrators, 
government  officials)  who  see  the  potential  of  the 
home  option  and  dedicate  an  enormous  amount  of 
time  and  energy  to  this  challenge.  Programs  can 
benefit  from  the  insights  and  skills  of  political  leaders. 

Trigger  Events 

Although  some  programs  just  'happen'  as  a  result 
of  the  tireless  efforts  of  their  founders,  more  often 
a  'special  event'  unexpectedly  occurs  or  is  planned 
by  design.  The  need  for  home  mechanical  ventilation 
is  sometimes  made  evident  by  a  'crisis' — often  in  the 
form  of  a  special  case,  event,  or  person's  achieving 
notoriety. 

Collective  Action 

Once  the  advantages  of  home  care  become  evident, 
collaboration  is  required,  with  participation  of  all 
essential  persons  and  organizations  at  the  decision- 
making, action-taking  level.  They  have  to  be  involved 
at  the  outset  of  program  planning  and  must  assume 
ownership  of  the  concept. 

Trial  and  Demonstration 

None  of  the  original  programs  mentioned  were 
established  overnight.  Each  grew  after  model 
development,  initial  trial,  demonstration,  re- 
evaluation,  and  modification.  All  key  persons  and 
organizations  participated  at  each  step,  and  formal 
studies  or  major  investigations  were  required. 

Educational  Efforts 

A  major  commitment  to  education  had  to  be 
undertaken  before  home  mechanical  ventilation  could 
proceed.  Patients,  families,  and  professional  caregivers 
had  to  understand  what  was  required  at  home. 
Participating  persons  and  organizations  need  this 
understanding  to  motivate  involvement  and 
commitment. 

Documentation  and  Advocacy 

As  the  value  of  isolated  experiences  was  demon- 
strated and  documented,  program  considerations 


began.  The  same  questions  were  asked  each  time: 
How  many  patients  are  there?  Where  are  they?  Who 
is  taking  care  of  them?  How  much  does  it  cost?  What 
outcomes  are  desired?  Information  had  to  be  collected, 
processed,  and  reported  to  answer  these  questions 
and  to  satisfy  those  who  would  make  program 
development  a  reality.  Then,  through  advocacy 
efforts,  the  information  had  to  be  used  to  elicit  proper 
attention  to  the  issue. 

Program  Uniqueness 

Although  similarities  exist  in  the  evolution  of  home 
mechanical  ventilation  around  the  world,  programs 
between  and  within  nations  have  not  developed  in 
the  same  way  or  to  the  same  extent.  Although  what 
programs  accomplish  may  be  similar,  the  means  may 
not  be.  The  degree  to  which  home  care  concepts 
are  developed  and  the  manner  in  which  actual 
programs  operate  vary  throughout  the  world,  with 
differences  in  several  key  areas. 

Critical  Level  of  Need 

The  actual  number  of  ventilator-assisted  patients 
in  any  given  country  or  area  is  a  reflection  of  the 
progress  that  has  occurred  in  acute  care  and 
rehabilitative  practice.  As  health  care  professionals 
are  trained  and  intensive  care  units  established,  more 
patients  who  require  life-sustaining  technology 
survive.  A  natural  consequence  is  that  a  greater 
number  of  'expensive  care'  beds  become  occupied 
by  these  patients;  bed  utilization  and  economic  issues 
eventually  attract  the  attention  of  physicians,  hospital 
administrators,  government  officials,  and  health  care 
flnancial  authorities. 

Essential  Level  of  Acceptance 

Medical  leaders  and  others  have  had  different 
attitudes  concerning  the  approaches  to  be  used  in 
the  long-term  management  of  patients  who  require 
mechanical  ventilation.  Even  among  experts, 
agreement  on  a  definition  of  prolonged  mechanical 
ventilation,  standards  of  practice,  or  guidelines  for 
care  is  hard  to  establish.  Differences  in  medical 
management  preference  is  a  reflection  of  differences 
among  professional   disciplines.   How   programs 
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develop  depends  upon  the  orientation  of  the  medical 
leadership.  Program  differences  depend  upon  whether 
the  founding  physicians  are  hospital  or  community 
oriented,  and  whether  their  professional  training  has 
been  in  intensive  care,  pulmonology,  or  rehabilitation. 

Medicine  and  Culture 

Medical  practice  among  nations  varies  dramati- 
cally.^" What  is  considered  illness  in  one  country  may 
not  be  in  another.  A  preferred  treatment  in  one  nation 
may  be  considered  unacceptable  or  even  an  example 
of  malpractice  in  another.  How  a  nation  views  a 
person  who  requires  prolonged  mechanical  ventilation 
(ie,  by  what  means  and  where  they  should  be 
managed)  is  a  dramatic  example  of  how  culture  and 
tradition  affect  the  value  judgments  of  doctors, 
patients,  and  other  members  of  society.  Culture 
determines  whether  people  think  it  is  worthwhile  to 
live  on  a  ventilator,  whether  such  a  ventilator- 
dependent  person  is  sick,  and  whether  such  a  person's 
needs  are  appropriately  served  outside  a  hospital. 

Dramatization  of  the  Problem 

Oftentimes  the  preferences  and  beliefs  of  ventilator- 
assisted  persons  and  their  families  concerning  home 
mechanical  ventilation  must  be  brought  to  the 
attention  of  leaders  and  key  officials  who  must  then 
be  'encouraged'  to  do  something.  Some  attention- 
attracting  devices  have  included  conducting  a  key 
media  event  (eg,  the  Responauts'  invasion  of  10 
Downing  Street),' '  securing  the  interest  of  an 
important  public  official  (eg,  Katie  Beckett  and 
President  Reagan),"  and  eliciting  the  involvement 
of  a  public  figure.' '  Sometimes  attention  has  been 
drawn  less  dramatically,  but  nevertheless  effectively, 
eg,  conducting  a  major  study  (ANTADIR  Study) 
or  convening  a  major  conference  (Surgeon  General's 
Workshop).' 

Understanding  the  Issues 

To  elicit  the  interest  and  involvement  of  leaders 
and  key  officials  in  home  mechanical  ventilation, 
broad-based  educational  initiatives  must  be  launched. 
A  key  physician,  ventilator  user,  or  official  in  a 
position  of  power  must  recognize  this  need  and  plan 


a  major  lecture,  conference,  publication,  or  other 
information-generating  activity.  One  example  is  the 
task  force  of  the  American  College  of  Chest  Physicians 
that  generated  guidelines  for  home  mechanical 
ventilation.''' 

Strategies  used  to  create  awareness  and  to  stimulate 
local  and  regional  activities  for  learning  more  about 
the  problem  have  included  project  grants,  technology 
assessment  studies,^"'  special-purpose  workshops,   ' 
and  designated  task  forces.*' 

Information  Networking 

Initial  home  mechanical  ventilation  experiences 
may  be  isolated  events.  However,  nations  that  have 
experienced  progress  in  establishing  home  mechanical 
ventilation  have  had  networking  mechanisms 
available  for  the  sharing  of  experiences,  with 
information  disseminated  through  major  studies, 
publications,  and  international  conferences."  ""^ 

Organizational  Development 

Those  nations  with  exceptional  home  mechanical 
ventilation  programs  have  program  leaders  and 
managers  who  understand  and  practice  the  principles 
of  successful  organization  development.  These 
programs  realize  the  highest  human  potential  of  each 
interdisciplinary  team  member,  demonstrate  a  passion 
for  excellence,'"  and  utilize  so-called  vanguard 
principles  of  organization  design  and  management. 
These  successful  programs  have  grown  because  team 
members  understand  and  serve  the  needs  of  the 
persons  they  treat  (their  'shareholders');  they  are 
deeply  committed  to  people.  Each  program  has 
adapted  organization  development  practices  in  ways 
that  reflect  and  respond  to  the  culture  and  traditions 
of  their  nation.'' 


Management  of  Operations 

The  countries  with  outstanding  home  mechanical 
ventilation  in  place  have  programs  whose  leaders  and 
managers  understand  and  apply  advanced  practices 
of  systems  management.'^  From  the  onset,  France 
has  responded  to  the  need  for  cost-containment.  As 
a  result,  one  can  observe  creative  applications  of 
management  information  systems  and  market  channel 
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management — including  ordering,  inventory,  distri- 
bution, accounting,  and  finance  functions. 

Political  and  Social  Realities 

Because  of  the  complexity  of  the  system  that  must 
be  put  into  place,  all  political  constituencies  and  social 
structures  must  be  considered.  Those  nations  with 
advanced  approaches  benefit  from  insights  because 
efforts  were  made  to  find  and  develop  the  right 
alliances.  Programs  were  designed  by  leaders  and 
political  officials  who  consequently  shared  a  sense 
of  ownership  and  made  certain  that  the  system  meshed 
with  acceptable  ways  of  doing  things. 

Economic  Considerations 

All  over  the  world,  public  policy  experts  are 
concerned  about  the  exploding  costs  of  long-term 
health  care.  They  are  searching  for  less  costly 
alternatives,  and  home  care  is  of  major  interest. 
However,  this  has  happened  only  recendy.  The  long 
tradition  of  hospital-based  medical  models  in  the  U.S., 
Europe,  and  elsewhere  has  only  been  questioned  since 
space  utilization,  prolonged  length  of  stay,  and  budget 
contraints  have  become  issues  for  debate. 

Each  nation  has  put  into  place  a  program  that 
fits  the  health  care  financing  and  delivery  systems 
unique  to  that  country  and  the  regional  or  local  setting. 
In  some  settings,  it  has  been  more  appropriate  to 
develop  the  program  from  a  hospital-based  unit  as 
an  outgrowth  of  a  center  of  excellence  (eg,  Responaut 
Program).^*  In  other  locations,  community  settings 
that  integrate  the  centers  of  expertise  and  regional 
funding  authorities  have  been  preferred  (eg,  French 
associations)."  In  the  U.S.,  sources  of  patients, 
distribution  of  equipment  and  supplies,  and  mech- 
anisms of  health  care  financing  are  fragmented  and 
difficult  to  integrate."  As  a  result,  the  scale  economies 
of  a  comprehensive  systems  operation  do  not  exist, 
resulting  in  an  alarming  rise  in  costs  that  endangers 
the  future  of  home  mechanical  ventilation. 


The  mechanisms  will  be  unique  to  each  nation's 
experience.  However,  basic  to  the  successful 
implementation  of  home  mechanical  ventilation  in 
any  country  or  region  are  the  following: 

•  Collective  Leadership — Home  mechanical  ventila- 
tion requires  the  involvement  of  a  broad-based 
constituency  and  the  representation  of  committed 
leaders. 

•  Political,  Economic  and  Social  Sensitivity — The 
implementation  of  home  mechanical  ventilation 
must  be  accomplished  in  stages  at  designated  centers 
of  excellence  where  the  political,  economic,  and 
social  preferences  of  each  nation,  region,  and 
specific  locality  are  considered. 

•  Cultural  Responsiveness — Home  mechanical 
ventilation  programs  must  be  designed  to  reflect 
the  values,  beliefs,  attitudes,  and  behavioral  norms 
of  each  nation,  responding  to  unique  cultural 
traditions. 

•  System  Design  and  Operation — To  accomplish  the 
dual  challenges  of  quality  assurance  and  cost- 
containment,  home  mechanical  ventilation 
programs  must  utilize  advanced  concepts  of 
organization  design  and  management  practice. 
Our  nation,  as  well  as  others,  is  undergoing  a  major 

transformation  of  its  health  care  system — with  the 
potential  for  both  danger  to  and  progress  in  home 
mechanical  ventilation.  Although  home  mechanical 
ventilation  is  an  important  concern  to  some,  it  is 
a  relatively  minor  issue  in  the  total  health  care  picture. 
Those  of  us  wishing  to  see  progress  in  this  area  must 
assume  leadership  roles  and  take  appropriate  steps 
to  make  our  concern  an  issue  considered  by  others — 
or  it  will  not  become  one.  Our  efforts  must  focus 
upon  making  home  mechanical  ventilation  part  of 
the  larger  health  care,  social,  and  financial  picture. 
In  fact,  the  complexities  of  the  problems  associated 
with  gaining  acceptance  for  and  implementing  home 
mechanical  ventilation  are  such  that  once  those 
problems  are  resolved,  home  mechanical  ventilation 
will  be  able  to  serve  as  a  model  for  other  important 
medical  and  societal  challenges  facing  us  today. 


Program  Recommendations 

The  programs  that  will  be  put  into  place  around 
the  world  will  be  essentially  the  same:  The  elements 
and  evolutionary  steps  will  be  variations  on  a  theme. 


II.  Home  Respiratory  Care:  New  Roles 
for  Health  Care  Professionals 

All  those  concerned  about  respiratory  home  health 
care   must  confront  complex   medical,  technical, 
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organizational,  social,  financial,  and  ethical  issues  in 
the  decade  ahead. 

The  Mission 

The  final  product  must  be  defined  from  the 
perspectives  of  all  concerned  parties:  payors, 
providers,  distributors,  and  users.  It  should  be  a 
comprehensive,  coordinated  integrated  systems- 
management  approach  for  providing  respiratory  care 
and  support  services  to  persons  who  require  the 
prolonged  use  of  mechanical  aids  for  breathing  and 
who  choose  to  live  at  home  or  in  a  home-like 
environment  in  the  community.  The  system  must  meet 
predetermined  needs  as  articulated  by  all  beneficiaries. 
It  must  be  based  on  a  social-wellness  model,  with 
the  inherent  flexibility  to  meet  the  requirement  of 
each  individual  case  and  locality. 


Specific  Mechanisms 

Specific  mechanisms  designed  to  produce  the 
desired  outcomes  are: 

1.  designated  organizations  for  respiratory  home 
care  in  defined  geographic  areas; 

2.  centers  of  excellence  to  serve  the  base  units  of 
expertise  for  initial  evaluation,  medical  stabili- 
zation, preparation  for  home,  major  clinical  re- 
evaluation,  and  education  and  research; 

3.  integrated  management  systems  to  channel 
multiple  payors,  providers,  suppliers,  and 
distributors  to  end-users — providing  incentives 
for  participation,  quality  control,  safety,  opera- 
tional efficiencies,  and  cost-containment;  and 

4.  management  information  systems  that  incorpo- 
rate, process,  and  provide  documentation 
required  by  all  beneficiaries. 


Desired  Outcomes 

The  desired  outcomes  of  such  a  system  are: 

•  family-centered  care  relying  on  self-help  networks; 

•  caregiving  by  family  members,  neighbors,  and 
friends,  supplemented  by  professional  staff  and 
personal  attendants; 

•  home  care  equipment  provided,  maintained,  and 
repaired  on  an  emergency  and  routine  basis; 

•  equipment  surveillance,  support,  and  tracking  in 
place; 

•  direct  physician  participation  and  involvement; 

•  individualized  case  management  to  monitor, 
evaluate,  and  modify  care  programs  for  clinical 
appropriateness  and  medical  necessity; 

•  independently  managed  care  to  assure  program 
design  for  safety  (reduce  liability  risk);  flexibility 
to  adapt  to  needs  of  each  user  (improve  resource 
utilization);  quality  services  from  suppliers, 
distributors,  and  providers  (quality  assurance); 
operational  efficiencies  and  accountabilities  to 
contain  costs  within  limitations  of  capitated 
payments  (reduce  financial  risk);  and 

•  documentation  registry  for  cost-accounting  and 
financial  projection;  quality  control  and  assurance 
programs;  review  of  medical,  psychosocial,  and 
economic  outcomes;  program  re-evaluation  and 
modification;  and  education,  research,  and  policy 
formulation. 


Human  Resources 

To  describe  the  human  resources  that  will  be 
required,  future  medical  issues  must  be  understood. 
The  number  of  candidates  for  home  respiratory  care 
will  increase — but  the  increase,  will  be  small.  Care 
will  have  to  be  provided  within  a  limited  (capitated) 
payment  structure.  Economic  and  social  pressures  will 
be  exerted  to  select  home  care  for  patients  and  families 
who  may  not  be  suited  for  such  care.  Home  care 
candidates  may  require  more  complex  care  because 
of  their  condition  and  age.  More  medical  management 
decisions  and  treatment  modifications  may  be  done 
in  the  home.  Home  health  care  providers  and  clients 
will  have  to  be  aware  of  what  is  involved,  accept 
what  is  required,  and  be  properly  prepared.  Home 
respiratory  care,  which  today  is  an  extension  of  the 
acute  care  mindset,  will  develop  a  more  scientific 
foundation  based  on  peer-reviewed  research.  The 
medical  model  now  used  will  evolve  into  a  social- 
wellness  model. 

The  necessary  human  resources  will  be  suitable 
home  care  candidates  who  meet  predetermined 
criteria  for  home  care  (clinically  appropriate, 
exhibiting  medical  necessity);  families  who  accept  and 
are  prepared  to  provide  care;  trained  professionals 
including  home  care  physicians  and  respiratory  care 
practitioners;  selected  personal  attendants;  medical- 
technical  experts  to  provide  equipment  support  (ie, 
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surveillance,  maintenance,  and  emergency  repair); 
administrative  staff  with  expertise  in  case- 
management;  managed-care  professionals  skilled  in 
operations  of  integrated  management  systems;  finance 
experts  who  represent  ultimate  payors  (employers, 
labor  unions,  consumers)  and  who  work  collabor- 
atively on  creative  financing;  and  policy  officials 
(public  and  private  sector)  who  accept  the  need  for 
innovation  in  home  care  and  are  willing  to  participate 
in  its  evolution  prior  to  policy  formulation. 


Material  Resources 

To  describe  the  material  resources  required, 
technical  issues  must  be  understood.  Devices  designed 
for  home  use  must  meet  safety  standards  now  being 
developed  by  the  American  Society  for  Testing  and 
Materials  (ASTM).'*^  Home-care  support  services  for 
these  devices  must  meet  standards  also  being 
developed  by  ASTM*'  and  those  already  established 
by  the  Joint  Committee  on  Health  Care  Organizations 
(JCAHO).^*  Home  care  equipment  and  practices  will 
also  have  to  conform  to  guidelines  from  several 
consensus  activities. ^''~"  Mechanical  aids  for 
breathing  and  applications  will  evolve  that  are  more 
suitable  for  use  in  the  home.  Home  care  techniques 
and  technologies  will  be  simplified  to  permit  ease 
of  learning  and  use  (eg,  transtracheal  oxygen  and 
nasal  mask  ventilation).'""" 

The  necessary  material  resources  will  be: 

1.  home  care  equipment  and  supplies  (including 
noninvasive  clinical  monitors)  designed  and 
manufactured  for  ease  of  training,  simplicity  of 
cleaning  and  operation,  and  robust  perfor- 
mance— within  limits  of  capitated  payments; 

2.  support  mechanisms  (equipment  delivery, 
surveillance,  maintenance,  repair)  to  assure  safety 
in  the  home  and  flexibility  to  meet  individual 
case  requirements; 

3.  management  information  systems  to  collect 
clinical,  administrative,  and  technical  data  for 
evaluation  of  equipment  performance,  outcomes 
of  care,  quality  of  services,  and  cost  experiences; 

4.  educational  programs  to  provide  training  and 
preparation  for  patients  and  family  members, 
professionals,  personal  attendants,  and  technical- 
administrative  support  personnel; 


5.  flexible  financial  packages  featuring  relevant  cost 
accounting  from  many  reimbursement  sources; 
and 

6.  material  management  systems  (purchasing, 
inventory  control,  tracking)  to  take  advantage  of 
cost-economies  and  cost-efficiencies. 

Roles,  Responsibilities,  and  Relationships 

For  program  planning  to  occur,  the  following 
questions  must  be  asked:  Who  will  be  involved?  What 
will  they  be  accountable  for?  How  will  they  work 
with  others?  Because  of  complexity,  the  need  for 
flexibility,  and  the  unique  requirements  of  each 
individual  case,  home  care  requires  a  comprehensive 
written  plan.  The  home  care  plan  must  explicitly 
outline  the  roles,  responsibilities,  and  relationships  of 
each  participant. 

Participants  in  home  respiratory  care  will  be: 

1.  the  patient  and  family  member  (team  members 
with  authority) — assuming  clinical  care  and  case- 
management  responsibilities,  relying  on  self-help 
resources; 

2.  the  home  health  physician — functioning  as  a 
direct  care  provider  and/or  managed-care 
professional,  accountable  for  all  medical  decisions 
and  implementation; 

3.  the  home  health  professionals  (specialists  or 
generalists)  from  nursing  and  allied  health 
professions — functioning  as  direct-care  providers 
and/or  case  managers; 

4.  the  home  health  personal  attendant — providing 
both  personal  and  medical  care  under  direct 
supervision  of  a  trained  practitioner  and  the  client 
(a  cost-saving  option  extending  the  caregiver 
pool); 

5.  the  medical-technical  specialist — providing 
equipment  support  and  surveillance; 

6.  the  community-based  support  service  providers 
of  health  care,  social  service,  educational,  or 
vocational  services; 

7.  the  managed-care  experts  for  clinical  care  and 
integrated  management  systems— responsible  for 
monitoring  and  coordinating  reimbursement, 
services,  and  care — a  resource  independent  but 
accountable  to  all  other  parties; 

8.  the  manufacturers — responsible  for  the  design 
and  production  of  robust  equipment  that  meets 
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safety  needs  and  performance  requirements  in  the 
home; 
9.  the  suppUer/distributor — providing  equipment, 
suppHes,  and  support  services  that  are  flexible 
and  adaptable  to  unique  case  requirements;  and 
10.  the  reimbursement  authorities — providing  partial 
or  total  funding  options,  accountable  to  the 
ultimate  payor  or  a  managed-care  program. 


Communication  and  Linkages 

To  understand  communication  among  the  partic- 
ipants and  interparticipant  linkage,  certain  organiza- 
tional issues  must  be  appreciated.  Future  home  care 
services  will  be  packaged  into  management  systems 
that  contract  with  preferred  provider  organizations. 
The  loose  fragmentation  of  services  and  funding 
common  today  will  evolve  into  integrated  systems 
linking  payors  and  designated  providers  who  will 
participate  in  a  system  that  they  perceive  as  beneficial. 
Mega-organizations  will  result  from  acquisitions  and 
mergers  established  for  management  efficiencies.  In 
one  form  or  another,  a  managed-care  approach  will 
be  used  to  coordinate  the  activities  of  all  participants 
and  to  assure  performance  accountability.  Managed 
care  will  assure  that  quality  of  service  will  not  be 
compromised  despite  the  requirements  for  cost- 
containment. 

Adequate  communication  and  coordination  among 
essential  home  care  participants  will  require: 

•  a  tracking  system  for  equipment  f)erformance, 
clinical  surveillance,  and  outcome  analysis; 

•  a  management  information  system  for  materials 
management  (logistics,  operations),  cost 
accounting,  financial  projections;  and 

•  a  managed-care  designee  for  case  coordination 
and  communication. 

If  the  ultimate  user  does  not  assume  a  direct 
managed-care  role,  he  or  she  must  work  interactively 
with  the  professional  who  does.  The  patient  and  family 
often  have  important  insights  that  unfortunately  are 
not  always  taken  into  account. 

External  Environmental  Factors 

Any  systems  approach  must  consider  pervasive 
variables — political,    economic,   sociodemographic, 


and  cultural  factors — in  the  external  environment  that 
have  a  major  impact  upon  what  is  or  is  not  possible. 
These  must  be  understood  within  the  context  of  social, 
financial,  and  ethical  issues  of  the  future. 

Social  Issues 

The  ultimate  user  (patient  or  family  member)  will 
be  better  educated  and  more  aware  of  health  issues, 
will  assume  more  responsibility  (self-help),  and  will 
demand  a  central  role  for  the  family  (family-centered 
care). 

The  family  is  evolving  and  will  be  extended  to 
include  others  (friends,  neighbors).  Families  will 
prefer  nonprofessional  caregivers  who  are  directly 
accountable  to  them  (client-maintained  plan). 

It  will  be  necessary  to  provide  the  patient  and  family 
with  more  options  and  resources,  adapting  to  changing 
and  diverse  lifestyles  and  evolving  demographic 
patterns  (eg,  low  birthrate  and  increased  number  of 
elderly  citizens).  Home  respiratory  services  must 
support  community-based  alternatives  to  the  home 
(eg,  group  living  arrangements  with  shared  services, 
hospice,  respite). 


Financial  Issues 


Capitation  (ie,  institution  of  a  uniform  payment 
schedule)  will  become  universal  and  the  rate  of  growth 
of  health  care  allocations  will  be  reduced.  Home 
respiratory  care  will  represent  only  a  small  'piece 
of  the  pie.'  Programs  will  have  to  fight  for  financial 
resources  and  live  within  pre-established  financial 
constraints. 

Financial  accountability  (cost  accounting)  and 
operational  efficiencies  (management  information 
systems)  will  permit  both  quality  service  and  cost 
containment.  Both  will  be  demanded  by  a  market- 
place consisting  of  buyers  with  increased  awareness 
(employers,  labor  unions,  consumers,  health  main- 
tenance organizations). 

Ethical  Issues 

Because  of  limited  resources,  the  home  respiratory 
care  option  may  be  denied  to  potential  beneficiaries. 
So-called  warehousing  in  large  institutions  may  be 
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preferred  by  payors  because  of  cost-efficiencies  that 
can  be  achieved.  In  addition  to  economic  reasons, 
home  care  may  also  be  denied  due  to  age  or  health 
status.  How  will  the  criteria  be  determined  and  by 
whom?  What  process  will  be  used  to  decide  which 
monies  will  be  allocated?  Who  will  decide  which 
patients  will  go  home,  and  on  what  basis  will  the 
decision  be  made? 

How  can  the  marketplace  provide  profit  incentives 
to  investors  and  participants?  Considering  the  social 
nature  of  the  home  care  services  required,  by  what 
means  can  we  foster  participation  and  ensure 
appropriate  ethical  behavior? 

Can  the  marketplace  serve  the  population  requiring 
home  care  without  regulatory  and  voluntary 
initiatives?  How  will  this  balance  be  equitably 
achieved? 

Political  Factors 

Government  policy  reflects  public  opinion.  Since 
1980,  private-sector  solutions  have  been  preferred  to 
government  regulation  and  intervention — a  consensus 
for  less  government.  Now  the  pendulum  is  swinging 
back. 

Public  policy  reflects  administration  philosophy. 
The  federal  government  has  favored  state  initiatives 
within  the  constraints  of  federal  oversight  (HCFA 
waiver  policy). 

The  health  care  industry  is  more  regulated  than 
most.  Therefore,  natural  market  tendencies  regarding 
supply,  demand,  and  pricing  are  constrained. 

Health  care  and  social  issues  have  been  targeted 
by  the  current  administration  for  political  attention. 
However,  specific  focus  is  defined  by  political  forces 
(AIDS,  long-term  care,  catastrophic  care).  All 
constituencies  must  be  proactive  and  vocal  to  benefit. 
Special  interest  groups  might  do  better  as  part  of 
a  larger  constituency. 

Political  leaders  change,  but  governmental 
infrastructure  remains.  Proper  roles  must  be  defined 
for  public  officials  and  bureaucratic  authorities  (eg, 
governance). 

Economic  Factors 

Health  care  costs  have  risen  in  absolute  and  relative 
terms  to  a  level  and  rate  not  acceptable  to  payors 


or  users.  Costs  will  be  fixed  (capitated),  rates  of  growth 
limited,  allocations  defined,  and  expenditures 
monitored. 

Aware,  proactive  buyers  of  services  will  be  more 
demanding  of  what  they  purchase  (quality,  cost). 
Informed  buyers  and  marketplace  forces  will  select 
survivors. 

Physicians  will  get  more  involved  in  home  care 
because  there  will  be  an  oversupply  of  physicians. 
However,  it  is  uncertain  who  in  the  future  will 
augment  the  limited  pool  of  direct  caregivers  that 
currently  consists  of  nurses,  allied  health  personnel, 
and  medical-technical  experts. 

Hospitals  have  excess  capacity;  home  care  will  be 
one  strategy  to  extend  resources.  There  will  be  fierce 
competition  in  the  marketplace  among  providers;  only 
those  who  operate  efficiently  will  survive. 

Medical  malpractice  insurance  (tort  liability)  costs 
are  currently  out  of  control  and  are  no  longer 
considered  a  cost  of  doing  business. 

Sociodemographic  Factors 

The  size  and  proportion  of  age  groups  will  change, 
and  each  group  will  have  different  needs  and  will 
demand  different  health  resources. 

Societal  expectations  of  health  care  will  change — 
from  curative  to  caring,  sickness  to  wellness, 
authoritarian  to  participative  and  collaborative. 

The  family  unit  will  continue  to  change  from 
nuclear  to  the  single-parent  and  extended-family  unit 
by  choice  and  opportunity.  Therefore,  support 
structures  must  be  adaptable  and  flexible. 

The  ethnic  balance  will  change — families  at  risk 
will  come  from  many  socioeconomic  and  cultural 
backgrounds,  with  differences  in  educational  levels, 
financial  resources,  and  social  support. 

For  integrated  management  systems  to  work, 
management  of  cultural  factors  must  take  a  high 
priority.  Cultural  and  subcultural  differences  must  be 
recognized,  understood,  and  taken  into  account  during 
home  care  planning.  Cultural  conflicts  will  arise 
because  of  inherent  differences  in  training,  perspective, 
interest,  and  preferred  approach  among  national  and 
regional  agencies;  health-care  and  management 
disciplines;  and  providers,  payors,  and  users  of  home- 
care  products.  Cultural  differences  have  an  enormous 
effect  upon  medical  care  and  services.'"  Finally,  it 
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must  be  understood  that  the  culture  of  home  care 
represents  a  different  set  of  assumptions,  values, 
beliefs,  and  expected  norms  of  behavior  than  that 
of  hospital  health  care.  This  culture  may  not  be  one 
in  which  health  care  professionals  are  comfortable. 


Trends  in  Health  Care 

Home  respiratory  care  will  provide  opportunity 
for  the  respiratory  care  practitioner.  The  rationale 
comes  from  current  hospital,  home,  and  respiratory 
care  trends. 


Hospital  Care  Trends 

Because  of  overcapacity,  hospitals  will  continue 
to  engage  in  new  activities — a  natural  extension  of 
the  hospital  is  home  care  that  requires  respiratory 
care  expertise. 

Because  of  cost-containment  concerns,  hospitals 
will  scrutinize  all  cost  centers;  respiratory  care  is  no 
longer  a  profit  center. 

Hospitals  want  to  eliminate  all  unneccesary 
treatments  while  maintaining  quality  control. 
Consequently,  demand  for  hospital-based  respiratory 
therapists  will  decrease  and  job  responsibilities  for 
respiratory  care  practitioners  will  change. 

In  an  attempt  to  operate  more  efficiently,  other 
professionals  will  assume  tasks  previously  performed 
by  respiratory  therapists. 


Respiratory  Care  Trends 

The  need  for  respiratory  care  services  in  hospitals 
will  decrease  except  in  special  units  and  specialized 
hospitals;  future  utilization  of  respiratory  care 
practitioners  and  specialists  will  be  justified  by 
economic  considerations. 

The  need  for  respiratory  care  services  in  the  home 
will  increase  because  of  the  increasing  complexity 
of  medical  and  technical  requirements.  Growth  will 
be  limited  by  reimbursement  for  services  provided; 
respiratory  care  licensure  will  therefore  be  a  big  factor. 
It  must  be  recognized  that  respiratory  care  practi- 
tioners play  a  unique  role  in  the  home  and  that  they 
are  cost-effective. 

Scenarios  of  Home  Respiratory  Care 
Present  Scenario 

Home  care  has  been  successful  and  the  benefits 
of  home  care  have  been  recognized,  but  are  still  not 
universally  accepted  or  understood. 

Past  cost  savings  are  being  eroded  by  inefficient 
operations  due  to  fragmentation  of  payment  and 
provision  of  services  and  uncontrolled  pricing  in  a 
partially  regulated  marketplace.  Increased  financial 
and  tort-liability  risk  exists. 

Those  involved  are  dissatisfied  with  the  way  things 
are  going  without  a  system,  but  concerned  about  the 
constraints  that  a  system  would  impose. 

Desired  Scenario  of  the  Future 


Home  Care  Trends 

Increased  interest  in  the  home  care  option  will 
be  expressed  by  payors  who  are  losing  money  due 
to  prolonged  institutionalization. 

Financial  support  will  increase  because  of  increased 
interest  in  long-term  and  catastrophic  care. 

Consumer  awareness  of  home  care  as  a  desirable 
option  will  increase. 

All  components  of  the  home  care  industry  will 
grow,  and  the  growth  of  the  respiratory  care  segment 
will  depend  upon  competitive  forces  in  the  market- 
place and  funding  policies  of  public  and  private 
sources. 


An  integrated  management  system — responsive  to 
the  needs  of  all  beneficiaries  (payors,  providers,  and 
users) — should  link  all  participants.  Such  a  system 
should  be  flexible  and  adaptable  and  should  meet 
the  individual  needs  of  each  participant  and  group 
and  maximize  the  utilization  of  all  resources.  Four 
goals  should  be  realized:  safety  in  the  home,  medical 
necessity  or  appropriateness,  quality  service,  and  cost- 
containment. 

Conclusion 

The  challenge  that  confronts  us  is  to  assure  the 
desired  scenario.  The  question  for  us  to  ponder  is. 
By  what  process  will  it  be  put  into  place? 
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During  the  transition  state,  I  propose  that  we: 

•  identify  all  potential  beneficiaries  of  the  system, 

•  have  the  future  participants  define  the  needs, 

•  have  all  beneficiaries  involved  in  the  planning 
process, 

•  provide  mechanisms  for  continued  participation 
during  implementation, 

•  design  a  feedback  mechanism  to  evaluate  outcomes, 
and 

•  build  in  strategies  for  adaptation  and  change. 
The  desired  outcome   is   a   living,   dynamic, 

participative  process  attending  to  issues  of  safety, 
quality,  and  cost. 
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The  Quest  for  a  Red  Blood  Cell  Substitute 


David  H  Ingbar  MD 


Introduction 

For  many  years  the  potential  utility  of  artificial 
substitutes  for  red  blood  cells  has  been  appreciated. 
Over  the  course  of  the  past  20  years,  claims  have 
been  advanced  about  several  substances  that  have 
been  studied.  However,  some  investigators  are 
skeptical  of  the  value  of  the  currently  available  red 
blood  cell  substitutes.  This  paper  will  critically  review 
our  knowledge  of  red  blood  cell  substitutes'  and 
suggest  the  possible  directions  of  progress  over  the 
next  decade. 

Function  of  Red  Blood  Cells 

Red  blood  cells  (RBCs)  have  four  major  functions, 
among  a  number  of  lesser  ones:  loading  oxygen  (O2) 
in  the  pulmonary  capillaries  and  releasing  it  in  the 
systemic  capillaries;  picking  up  carbon  dioxide  (CO2) 
from  the  capillaries  of  peripheral  tissues  and  carrying 
it  to  the  lungs  where  it  is  unloaded  for  excretion; 
buffering  acid  present  in  blood;  and,  finally,  providing 
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intravascular  volume.  Researchers  have  sought  the 
optimal  method  of  expanding  intravascular  volume — 
RBCs  vs  crystalloid  or  colloid  therapy — in  a  variety 
of  clinical  states,  including  hemorrhagic  shock,  septic 
shock,  and  the  adult  respiratory  distress  syndrome 
(ARDS);  however,  I  will  not  discuss  that  further. 

Respiratory  Failure  and  Tissue  Oxygen  Supply 

In  some  forms  of  respiratory  failure,  a  diminished 
oxygen  supply  to  the  tissues  can  limit  their 
metabolism.^  The  oxygen  delivered  to  the  peripheral 
tissues  can  be  calculated  as  the  systemic  oxygen 
transport  (SOT): 

SOT  =  (C.O.XCaOa), 
where  CO.  -  cardiac  output,  and  Ca02  =  arterial 
oxygen  content,  and 

Ca02  =  (Hgb)(Sa02)  +  (PaO2)(0.003), 
where  Hgb  =  hemoglobin  concentration  in  g/dL  (ie, 
g%),  Sa02  ~  oxygen  saturation  of  arterial  blood 
expressed  as  a  decimal  fraction,  and  0.003  =  solubility 
coefficient  of  oxygen  in  serum  expressed  as  mL  • 
dL  '  •  torr'  (volumes  %,  vol%). 

When  SOT  drops  below  the  so-called  'critical 
point,'  tissue  oxygen  consumption  (Vqi)  decreases 
lineariy  with  any  further  decrease  in  oxygen  delivery 
(ie,  it  becomes  supply-limited).  In  normal  human 
beings  undergoing  cardiac  bypass  surgery,  the  critical 
point  is  at  an  SOT  of  approximately  8-10  mL  O2  • 
kg  '  •  min"'.  Because  the  normal  oxygen  supply  to 
the  tissues  is  in  the  range  of  20  mL  O2  -kg"'  •  min" , 
the  reserve  is  usually  twofold  or  more.  However,  in 
many  illnesses  (including  respiratory  failure),  the 
critical  point  at  which  Vqj  becomes  supply-limited 
occurs  at  a  higher  level  of  SOT.  For  ARDS  and 
sepsis,  the  critical  point  often  occurs  at  20  mL  O2  • 
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kg"'  •  min'.  In  addition,  the  tissue  V02  itself  often 
is  increased  in  these  same  illnesses.  Supply  limitation 
has  been  demonstrated  in  septic  shock,  ARDS,  non- 
ARDS  respiratory  failure,  pulmonary  hypertension, 
and,  less  convincingly,  COPD. 

Many  critical  care  physicians  believe  that  increasing 
oxygen  supply  to  the  peripheral  tissues  should  permit 
higher  tissue  Vqi-  In  theory,  this  could  provide  a 
better  clinical  outcome  for  the  patient.  For  example, 
it  might  decrease  the  likelihood  of  acute  tubular 
necrosis  and  renal  failure  or  hepatic  dysfunction  in 
patients  with  multisystem  organ  failure.  To  date,  this 
theoretical  reason  for  attempting  to  increase  SOT  in 
critically  ill  patients  has  not  been  rigorously  shown 
to  yield  clinical  benefit.' 

I  know  of  little  data  on  the  efficacy  of  RBC 
transfusion  in  acute  respiratory  failure,  although 
increasing  the  Hgb  concentration  is  usually  the 
simplest  and  most  effective  way  to  increase  SOT  in 
a  critically  ill  patient.  A  potential  benefit  of  volume 
expansion  with  RBCs  is  that  most  of  the  RBCs  should 
remain  intravascular.  In  patients  with  leaky 
capillaries — those  with  ARDS  or  sepsis — such  trans- 
fusion can  help  lessen  movement  of  fluid  and  protein 
into  the  third  space. 

One  of  the  few  studies  of  the  efficacy  of  RBC 
transfusion  in  respiratory  failure  was  done  on  15 
patients  with  hematocrits  (Hct)  <  35%  and  PaOi  < 
70  torr  on  inspired  oxygen  concentrations  (Fioi)  > 
0.40  with  at  least  S-cm-H^O  positive  end-expiratory 
pressure  (PEEP).'  Patients  were  given  7  mL/kg  of 
packed  RBCs  over  a  2-hour  period;  their  Hgb  values 
increased  from  10.9  to  12.5  g/dL  [109  to  125  g/ 
L],  and  their  Hct  values  increased  from  34  to  40% 
[0.34  to  0.40].  Although  CaO:  and  mixed-venous 
oxygen  content  (CyOi)  increased,  no  change  occurred 
in  cardiac  index  (CI),  stroke  index,  pulmonary 
capillary  wedge  pressure  (PCWP),  right-atrial 
pressure,  arterial-venous  oxygen  difference  [C(a  v)02]' 
or  tissue  Vo2-  No  data  were  presented  on  mixed- 
venous  P02  (Pvo?)  oi"  oxygen  extraction  ratio  values. 
The  failure  of  this  study  to  show  the  effectiveness 
of  transfusion  may  be  related  to  the  relatively  high 
Hct  (34%)  prior  to  transfusion  and  to  the  relatively 
small  magnitude  of  the  increase  in  Hct.  In  theory, 
a  beneficial  response  to  RBC  transfusion  would 
include  one  of  the  following:  (1)  increase  in  tissue 
V02,  (2)  decrease  in  cardiac  work,  (3)  increased 
Pv025  or  (4)  better  clinical  outcome. 


Abbreviations  Used  in  this  Paper 

ARDS 

=  Adult  respiratory  distress  syndrome 

Cao, 

=  Arterial  oxygen  content 

C(a-v)0: 

=  Arterial-venous  oxygen  difference 

CI 

=  Cardiac  index 

CO. 

=  Cardiac  output 

CvO^ 

=  Mixed-venous  oxygen  content 

Do: 

=  Delivered  oxygen 

FDA-20 

=  Fluosol  DA-20 

Fig, 

=  Fractional  inspired  oxygen  concentration 

Hct 

=  Hematocrit 

Hgb 

=  Hemoglobin 

IHP 

=  Inositol  hexaphosphate 

PaO: 

=  Arterial  oxygen  tension 

PCO: 

=  Partial  pressure  of  carbon  dioxide 

PCWP 

=  Pulmonary  capillary  wedge  pressure 

PFC 

=  Perfluorocarbon 

P50 

=  PaOi  at  which  hemoglobin  is  50%  saturated 

with  O: 

PFOB 

=  Perfluoroctylbromide 

Po. 

=  Partial  pressure  of  oxygen 

P-SFH 

=  Pyridoxylated  SFH 

P^Q, 

=  Mixed-venous  oxygen  tension 

RBCs 

=  Red  blood  cells 

SaO: 

=  Per  cent  oxygen  saturation  of  arterial  blood 

SFH 

=  Stroma-free  hemoglobin 

SOT 

=  Systemic  oxygen  transport 

SvO) 

=  Mixed-venous  oxygen  saturation 

2,3-DPG 

=  2,3-diphosphoglycerate 

Vol'^ 

=  Volumes  per  cent 

Vq: 

=  Oxygen  consumption 

To  my  knowledge,  the  optimal  Hct  for  patients 
in  respiratory  failure  has  not  been  defined.  Most 
critically  ill  patients  in  intensive  care  units  are 
maintained  with  Hct  values  near  30%  by  support  with 
transfusions,  a  practice  based  largely  on  data  for 
optimal  coronary  artery  blood  flow  following  cardiac 
bypass  grafting.  However,  this  practice  may  not 
translate  to  other  conditions  such  as  respiratory  failure. 
Another  neglected  question  in  the  population  of 
critically  ill  patients  is  What  is  the  optimal  P50  of 
their  hemoglobin  (ie,  at  what  oxygen  tension  should 
hemoglobin  be  50%  saturated)?  Because  the 
oxyhemoglobin  dissociation  curve  is  not  directly 
assessed  in  most  critically  ill  patients,  the  P50  of  the 
patient's  red  blood  cells  is  not  usually  known.  We 
do  know  that  the  P50  is  shifted  by  changes  in 
temperature,  pH,  Paco2'  and  2,3-diphosphoglycerate 
(2,3-DPG).  For  optimal  oxygen  loading,  transport, 
and  unloading  of  RBCs,  the  P50  should  lie  midway 
between  the  Pa02  and  the  P02  of  blood  leaving  the 
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systemic  vascular  bed.  (The  conventionally  acceptable 
SvO:  ^^  ^^^  represents  the  summed  average  of  the 
tensions  of  blood  leaving  capillary  beds  from  different 
organs.)  In  addition,  there  should  be  a  steep  slope 
of  the  curve  on  both  sides  of  the  P50  so  that  the 
hemoglobin  is  fully  loaded  at  Pa02  and  fully  unloaded 
as  it  leaves  the  systemic  capillary  beds.  Thus,  for  an 
individual  patient,  the  optimal  P50  is  a  function  of 
the  arterial  and  tissue  capillary  Po2.^ 

Blood  Substitutes 

Blood   Substitutes— Why   Consider   Them? 

Although  RBC  transfusion  can  be  beneficial.  Table 
1  lists  reasons  for  avoiding  transfusion  or  not  using 


Table  1 .  Reasons  To  Avoid  Red  Blood  Cell  Transfusion 

Patient  refuses  (eg,  Jehovah's  Witnesses) 
No  crossmatched  blood  available 

Blood  difficult  to  crossmatch  (eg,  immune  hemolytic  anemia) 
Cost  and  scarcity  of  blood 
Possibility  of  complications 
Transfusion  reactions 
Transmission  of  infectious  diseases 
Hepatitis 

Acquired  immunodeficiency  syndrome  (AIDS) 
Cytomegalovirus  (CMV) 
Babesiosis 
Decreased  hemoglobin-oxygen  affinity 
Volume  overload 


have  potential  for  use  in  sickle  cell  anemia.  Clinical 
trials  of  blood  substitutes  as  sensitizers  for  chemo- 
or  radiation  therapy  are  currently  under  way.  In 
theory  they  might  increase  oxygen  delivery  to  local 
regions  of  anaerobic  infection.  Blood  substitutes  also 
could  be  used  to  deliver  hormones,  drugs,  or  enzymes. 
Testing  of  the  currently  available  blood  substitutes 
is  still  in  its  infancy,  and  most  of  these  potential  uses 
have  not  been  explored  in  detail  yet. 

The  desired  qualities  of  a  blood  substitute  are: 

•  Effectively  takes  up  O2  at  normal  Pa02>  and 
CO2  at  normal  systemic  capillary  Pco2 

•  Releases  O2  at  normal  capillary  P02,  and  CO2 
at  normal  Pa02 

•  Contains  or  binds  large  volumes  of  O2  and  CO2 

•  Supports  circulatory  dynamics 

•  Buffers  tissue  acidosis 

•  Is  nontoxic 

•  Is  stable  over  a  range  of  temperatures 

•  Survives  for  a  reasonable  half-life,  without  auto- 
oxidation 

•  Does  not  need  to  be  cross-matched 

Not  surprisingly,  no  current  blood  substitute  meets 
all  these  criteria.  As  each  of  the  current  substitutes 
is  reviewed,  their  function  can  be  compared  against 
this  standard. 

The  blood  substitutes  being  evaluated  clinically  and 
experimentally  are  listed  in  Table  2.  Perfluorocarbons 
(PFCs)  have  received  the  most  extensive  testing.  For 
the  last  10  years,  Hgb  solutions  have  been  gradually 
modified  in  the  search  for  an  optimal  product.  A 
newcomer  among  these  blood  substitutes  is  the 


transfusion  in  a  particular  patient  and  provides  support 
for  considering  blood  substitutes.  Many  studies  of 
blood  substitutes  have  been  done  in  patients — 
typically  Jehovah's  Witnesses — who  refused 
transfusion. 

Uses  and  Types.  Artificial  blood  substitutes  have 
uses  beyond  treatment  of  anemia  or  blood  loss,^  most 
of  which  are  experimental.  Blood  substitutes  have 
been  used  to  preserve  organs — including  kidneys, 
hearts,  and  livers — for  transplantation.  They  have  also 
been  used  to  treat  organ  ischemia  based  on  their 
potential  to  better  penetrate  into  the  microvasculature 
than  do  the  larger  RBCs.  They  have  been  tested  in 
myocardial  ischemia  and  cerebrovascular  disease  and 


Table  2.  Types  of  Blood  Substitutes 


Perfluorocarbons 

FC43 — Perfluorotributylamine 
Ruosol  DA-20% 
Perfluoroctylbromide 

Hemoglobin  solutions 

Native  stroma-free  hemoglobin 
Modified  hemoglobins 

Pyridoxylated 

Polymerized  pyridoxylated 

Microencapsulated  hemoglobin 
Rcscalcd  RBCs 
Liposomes  (neohcmocytes) 
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liposome,   or  resealed   red  blood  cell   enclosing 
hemoglobin. 


Perfluorocarbons 


Early  Studies 


Perfluorocarbons  attracted  attention  as  an  oxygen 
carrier  when  Clark  and  GoUan  published  studies  on 
the  survival  of  mice  immersed  in  preoxygenated  PFCs 
for  hours' — the  first  demonstration  of  liquid 
ventilation.  This  work  was  carried  further  by  Geyer 
and  colleagues'  who  demonstrated  in  1968  that 
virtually  bloodless  rats  could  survive  for  8  hours  after 
complete  exchange  transfusion  with  the  PFC  FC43. 
Subsequently,  Geyer's  group  showed  that  these  rats 
could  survive,  eat,  drink,  and  grow  after  complete 
exchange  transfusion,  for  as  long  as  7  days.  In  1978, 
the  first  human  volunteers  received  PFCs  intraven- 
ously. Formal  testing  of  PFCs  began  in  Japan  in 
1979  on  patients  with  brain  death.  After  10  normal 
Japanese  volunteers  safely  received  20-500  mL  of 
PFCs,  clinical  trials  were  begun  in  Japan  for  patients 
with  hemorrhagic  shock  and  a  variety  of  other 
conditions.  U.S.  clinical  trials  were  begun  at  the  same 
time,  but  were  restricted  to  Jehovah's  Witnesses  with 
severe  anemia  who  refused  transfusion  therapy. 

Properties  of  Perfluorocarbons 

PFCs  have  a  high  intrinsic  solubility  for  oxygen, 
presumably  related  to  the  adjacent  fluorine  atoms. 
Most  PFCs  are  fluorinated  8-10  carbon  hydrocarbon 
chains.  They  are  immiscible  in  water  and  hence  must 
be  dispersed  for  emulsification  prior  to  use;  otherwise 
they  will  occlude  capillaries  and  decrease  tissue 
oxygenation.  This  dispersion  and  emulsification  limits 
the  concentration  of  PFC  that  can  be  used  in  the 
bloodstream.  PFCs  are  chemically  inert  and  more 
than  twice  as  dense  as  water.  Because  of  their  low 
vapor  pressure,  they  are  not  rapidly  excreted  during 
passage  through  the  lungs.  O2  and  CO2  are  20  times 
more  soluble  in  PFCs  than  in  water.  When  emulsified, 
PFCs  form  very  small  droplets  of  0.1-0.2  n  diameter, 
approximately  l/50th  the  diameter  of  a  RBC. 
Consequently,  they  have  a  very  high  surface  area 
and  a  very  low  viscosity,  even  at  low  sheer  rates. 

The  amount  of  oxygen  dissolved  in  PFCs — like 
the   amount  dissolved   in   plasma — is   directly 


proportional  to  the  Pqj-  A  solution  of  pure  per- 
fluorocarbon  carries  20  times  the  oxygen  content  of 
plasma.  However,  because  the  PFC  must  be  dispersed, 
the  dissolved  oxygen  content  is  limited  by  the  PFC 
%  (the  so-called  fluorocrit),  which  can  be  measured 
in  a  manner  similar  to  that  used  to  determine 
hematocrit: 

PFC  O2  content  =  (fluorocrit)(PaO2)(000574), 

where  0.00574  is  the  solubility  coefficient  for  O2  in 
PFC. 

Two  problems  combine  to  limit  the  utility  of  PFCs 
in  vivo.  The  first  problem  is  the  maximum  achievable 
fluorocrit.  The  second  problem  is  achieving  a  very 
high  Pa02  in  order  to  dissolve  as  much  oxygen  as 
possible  in  the  PFCs.  With  a  100%  PFC  solution 
at  P02  of  760  torr  and  37  °C,  the  oxygen  content 
will  be  approximately  45  vol%.  At  a  more  realistically 
achievable  P02  of  400  torr,  the  same  solution  would 
have  an  oxygen  content  of  24  vol%.  For  a  fluorocrit 
of  42%  and  400  torr  oxygen,  the  total  O2  content 
would  be  10.6  vol%  oxygen.  In  contrast,  blood  with 
a  hematocrit  of  42%  at  400  torr  Pa02  carries  20  vol% 
oxygen.*  This  illustrates  the  impact  of  the  achievable 
fluorocrit  and  Pa02  on  the  true  ability  of  current  PFCs 
to  carry  oxygen.  A  fluorocrit  percentage  point  is  half 
as  effective  as  a  hematocrit  percentage  point  for 
carrying  oxygen.  A  1%  fluorocrit  represents  13  mg 
of  PFC  per  mL.  A  3-4%  fluorocrit  at  500  torr  Pq, 
is  roughly  equivalent  to  0.5  g/dL  of  hemoglobin. 
Typically,  a  20  mL/kg  infusion  of  Fluosol  DA-20 
(FDA-20)  leads  to  a  fluorocrit  of  only  3-4%. 

Perfluorocarbons  are  removed  by  excretion 
through  the  lungs  and  some  clearance  by  the 
reticuloendothelial  system.  In  human  beings,  the 
intravascular  half-life  varies  between  6  and  24  hours. 
The  clearance  rate  is  dose-dependent,  with  clearance 
slower  following  larger  doses.**  Although  most  of  the 
PFCs  are  excreted  through  the  lungs,  small  amounts 
are  excreted  in  urine  and  stool.  Autopsy  studies  of 
Japanese  patients  indicate  that  residual  PFCs  can  be 
measured  in  the  liver  for  months  after  a  single  dose.'° 
Presumably,  the  Kuppfer  cells  of  the  liver  and 
macrophages  in  other  parts  of  the  body  take  up  PFCs 
and  then  clear  them  very  slowly.  The  PFCs  may 
alter  the  hepatic  cytochrome-P450  system  and  affect 
drug  metabolism. 

FDA-20  (Green  Cross,  Osaka,  Japan,  and  Alpha 
Therapeutic  Corp,  Los  Angeles  CA)  is  the  most 
commonly  used  PFC  worldwide  and  the  only  one 
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Table  3.  Concentration  and  Function  of  the  Components  in 
Fluosol  DA-20% 


Concentration 

Component 

(g/lOOmL) 

Function 

Perfluorodecalin 

14.0 

Oxygen  carrier 

Perfluorotripropylamine 

6.0 

Stabilizer 

Plutonic  F-68 

2.7 

Non-ionic  surfactant 

Yolk  phospholipids 

0.4 

Emulsifier 

Glycerol 

0.8 

Preservative 

Glucose 

0.18 

Hydroxyethyl  starch 

3.0 

Oncotic  agent 

Salts  (NaCl,  KCl, 

MgCb,  Ca", 

HCO,") 

used  clinically  in  the  United  States.  Its  components 
are  shown  in  Table  3.  The  primary  oxygen  carrier 
is  perfluorodecalin  with  some  assistance  from  the 
stabilizer  perfluorotripropylamine.  The  two  agents 
involved  in  emulsifying  the  PFC  are  yolk  phospho- 
lipids and  the  nonionic  surfactant  Pluronic  F-68 
(PF68).  PF68  has  been  implicated  in  causing  many 
of  the  reactions  to  FDA-20  that  occur  in  some 
patients.  Glycerol  functions  as  a  preservative  while 
the  hydroxyethyl  starch  increases  the  oncotic  pressure 
of  the  FDA-20.  FDA-20  is  usually  stored  frozen  and 
has  a  pH  of  7.44. 

FDA-20  for  Treatment  of  Anemia 

Results  have  been  published  on  the  use  of  FDA- 
20  for  treatment  of  anemia  in  five  different  patient 
series  (Table  4).'"'"  In  Mitsuno  and  Ohyanagi's  series 


of  401  patients,  220  were  given  FDA-20  for  acute 
blood  loss.  The  series  included  patients  with  other 
indications  for  FDA-20  treatment,  and  the  surgeon's 
desire  to  perform  bloodless  surgery  was  also  a  factor 
in  patient  selection.'"  Given  the  heterogeneity  of  the 
patients  treated  and  the  lack  of  systematic  data 
collection,  I  find  it  difficult  to  interpret  the  results. 
Oxygen  delivery  did  increase,  but  no  change  in  Pv02 
was  observed.  It  is  not  clear  whether  consistent 
changes  in  CO.  or  tissue  Vqj  occurred. 

The  remainder  of  the  reports  have  had  very  small 
numbers  of  patients  and  have  been  restricted  to 
patients  with  severe  anemia."'''  The  maximum  dose 
of  FDA-20  administered  was  20  mL/kg  and,  as  can 
be  seen  from  Table  4,  response  was  not  uniform  in 
each  of  the  small  number  of  patients  that  were 
carefully  studied.  Examining  the  most  positive  and 
most  negative  trials  in  detail  is  useful  for  understanding 
the  potential  benefits  and  problems  of  FDA-20. 

None  of  the  studies  done  in  the  United  States  or 
Canada  were  designed  to  test  whether  survival  was 
improved  by  FDA-20  transfusion  for  severe  anemia. 
In  Tremper  et  al's  study,"  the  FDA-20  infusion  led 
to  increased  mean  values — PCWP  from  5  to  14  torr; 
Vq,  from  92  to  1 12  mL  O2  •  min"'  •  m  ^  Pa02  from 
291  to  361  torr,  Ca02  from  7.1  to  8.6  vol%;  and 
Pv02  from  44  to  70  torr.  These  results  were  obtained 
with  a  fluorocrit  of  2.9%,  F102  of  0.84,  and  a  mean 
Hgb  concentration  of  5.4  g/dL.  FDA-20  infusion 
also  was  accompanied  by  a  fall  in  the  CI  from  5.3 
to  4.6  L  •  min  '  •  m  ^  Tremper  et  al  believe  that 
FDA-20  is  efficacious,  but  that  its  overall  safety  in 
large  numbers  of  patients  has  not  yet  been  proven. 
They  are  trying  to  separate  the  effects  of  volume 
expansion  from  those  of  the  FDA-20  and  oxygen 


Table  4.  Clinical  Trials  of  Fluosol  DA-20%  in  Severe  Anemia 


First 

Patients 

Dose 

Cardiac 

Author 

Year 

No.  &  Type 

mL/kg 

Output 

Do, 

Vo: 

P^O: 

Mitsuno'" 

1985 

220  Mixed 

^20 

?  Increased 

Increased 

?  Stable 

Stable 

Tremper' ' 

1982 

7  Anemia 

20 

Stable 

Increased 

Increased 

Increased 

Waxman'" 

1984 

6  Anemia 
(Hgb  <  7) 

20 

Stable 

Increa.sed 

Increased 

? 

Stefaniszyn" 

1985 

3  Anemia 
Prior  to  surgery 

10-20 

Varied 

Inaeased 

Varied 

Increa.sed 

Gould" 

1986 

8  Anemia 

20 

Sublc 

Suble 

Stable 

Increased 
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per  se  by  studying  anemic  patients  given  FDA-20 
after  normalization  of  PCWP.  These  results  have  not 
been  published  yet. 

Gould  and  colleagues''*  evaluated  23  adults  with 
anemia  due  to  acute  blood  loss  from  surgically 
correctable  lesions  (Jehovah's  Witnesses  who  refused 
transfusion).  To  receive  FDA-20,  patients  were 
required  to  have  Hgb  concentrations  of  <  3.5  g/ 
dL  or  oxygen  extraction  ratios  above  50%  on  Fio, 
of  >  0.60.  Of  the  23  patients  evaluated,  8  received 
FDA-20: 5  had  low  Hgb  levels,  2  had  elevated  oxygen 
extraction  ratios,  and  1  had  both.  The  patients  had 
a  mean  maximal  fluorocrit  of  5%  and  mean  Pa02 
of  430  torr  on  Fio,  of  1.00.  Ca02  increased  17% 
with  the  fluorocarbon,  accounting  for  15%  of  the  Ca02 
and  28%  of  oxygen  consumed.  Both  the  plasma  and 
FDA-20  unloaded  more  than  80%  of  their  oxygen, 
in  contrast  to  relatively  inefficient  unloading  of  oxygen 
from  RBCs  (19%).  Utilization  of  oxygen  dissolved 
in  plasma  accounted  for  50%  of  the  oxygen  consumed, 
whereas  the  FDA-20  and  RBC  oxygen  accounted 
for  approximately  25%  each.  The  physiologic  effects 
of  FDA-20  infusion  included  mean  changes — 
decreased  heart  rate  from  117  to  108  bpm,  increased 
Pa02  from  356  to  430  torr,  and  increased  PyO:  from 
40  to  78  torr.  However,  FDA-20  had  no  effect  on 
D02,  V02,  extraction  ratio,  Ca02>  or  CI.  The  lack 
of  an  increase  in  Ca02  probably  reflects  the 
hemodilution  of  the  remaining  RBCs  balanced  by 
the  increased  oxygen  carried  in  the  FDA-20.  The 
mean  half-life  of  FDA-20  was  24  hours  with  a  range 
of  12  to  37  hours.  Six  of  the  8  patients  died.  The 
authors  of  this  study  concluded  that  FDA-20  loads 
oxygen  poorly,  but  is  a  very  effective  unloader. 
Without  continued  doses,  FDA-20  did  not  survive 
long  enough  for  bone  marrow  erythropoiesis  to 
produce  RBCs.  The  authors  summarized  their 
experience,  saying,  "In  acute  blood  loss,  Fluosol-DA 
is  unnecessary  when  anemia  is  moderate  and 
ineffective  when  it  is  severe.  When  RBCs  cannot  be 
used,  Fluosol-DA  20%  appears  to  be  an  inadequate 
RBC  substitute."" 

In  summary,  considerable  controversy  exists  about 
the  clinical  utility  of  FDA-20  for  treatment  of  anemia. 
Its  predominant  use  has  been  in  patients  who 
absolutely  refuse  transfusion  and  have  severe 
anemia — patients  with  a  very  high  underlying 
mortality.  The  clinical  utility  of  FDA-20  is  limited 
by  (1)  the  need  for  very  high  F102  (approximately 


equal  to  1.0),  (2)  the  need  for  repeated  doses  or 
continuous  infusion,  (3)  the  low  fluorocrits  that  can 
be  obtained,  and  (4)  its  volume  expanding  and 
hemodiluting  effect.  If  continuous  infusion  were 
possible  or  if  repeated  doses  were  proven  to  be  safe, 
then  the  utility  of  FDA-20  for  treating  anemia 
probably  would  be  significantly  higher.  However, 
after  more  than  3  days  of  use,  the  potential  for  oxygen 
toxicity  in  the  lungs  becomes  important. 

FDA-20— Other  Uses 

FDA-20  can  be  used  in  many  ways.  It  may  be 
beneficial  for  oxygenating  regions  of  abnormal 
microvasculature.  Because  the  droplets  are  l/50th 
the  size  of  an  RBC,  they  can  pass  partially  obstructed 
regions  in  small  vessels  and  achieve  distal  oxygenation. 
Experimental  studies  of  dogs  with  occlusion  of  their 
left  anterior  descending  coronary  artery  have 
demonstrated  reductions  in  myocardial  infarct  size.'^'"' 
In  human  beings  undergoing  percutaneous  translum- 
inal coronary  angioplasty,  FDA-20  infusion  can 
prevent  the  drop  in  left  ventricular  ejection  fraction 
that  occurs  during  balloon  inflation.'  '"*  No  human 
trials  of  systemic  or  coronary  artery  infusion  of  FDA- 
20  during  myocardial  ischemia  or  infarction  have  been 
published. 

FDA-20  infusion  may  have  benefits  for  cerebro- 
vascular ischemia.  In  monkeys  with  ligation  of  their 
middle  cerebral  artery,  FDA-20  decreases  the 
histologic  extent  and  severity  of  ischemic  damage.''* 
One  study ^"  demonstrated  a  10%  increase  in  cerebral 
blood  flow  after  FDA-20  infusion  in  patients  with 
strokes.  However,  results  in  larger  clinical  studies  of 
human  subjects  with  evolving  strokes  reportedly  have 
been  less  promising,  although  these  studies  have  not 
been  published.  Finally,  it  has  been  proposed  on  the 
basis  of  in-vitro  studies  that  FDA-20  may  be  useful 
in  treating  sickle  cell  crisis.''  It  can  help  reoxygenate 
sickled  red  blood  cells  and  could  have  access  to  areas 
distal  to  regions  of  sickling  that  are  inaccessible  to 
normal  RBCs. 

Theoretical  reasons  why  PFCs  could  be  helpful 
in  ischemic  microcirculation  include:  ( 1 )  low  viscosity 
of  the  fluid  allows  a  higher  flowrate  at  the  same 
blood  pressure,  (2)  the  hemodilution  that  is  created 
leads  to  increases  in  collateral  blood  flow  as  well, 
(3)  the  smaller  size  of  PFC  particles  allows  them 
to  bypass  obstructions  in  abnormal  microcirculation 
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(such  as  endothelial  'blubs'  or  sludged  RBCs),  (4) 
they  may  actually  reoxygenate  RBCs  that  have  been 
sludged  and  thereby  decrease  the  stiffness  of  the  RBC 
membrane,  (5)  the  small  size  and  flow  characteristics 
also  may  permit  better  distribution  of  tissue  blood 
flow,  and  (6)  as  I  will  discuss,  they  can  inhibit  a 
variety  of  neutrophil  functions  including  phagocytosis, 
chemotaxis,  and  production  of  oxidants.  This  may 
decrease  damage  to  an  already  injured  micro- 
circulation. 

Experimental  and  clinical  studies  have  suggested 
that  FDA-20  may  be  a  beneficial  preservative  for 
organs  to  be  transplanted.  For  example,  use  of  FDA- 
20  to  preserve  hearts  for  transplantation  can  prevent 
weight  gain  and  diminish  the  production  of  the  cardiac 
isozyme  of  creatinine  phosphokinase  (CPK-MB), 
lactic  acid,  and  the  oxidant  malondialdehyde.^^  The 
CI  of  such  a  heart  is  also  better  preserved.  Similar 
benefit  has  been  suggested  for  livers  and  kidneys  that 
are  to  be  transplanted. 

For  cancer  therapy,  PFCs  have  been  used 
experimentally  and  clinically  as  radiation  and 
chemotherapy  sensitizers."  The  rationale  for  their  use 
in  radiation  therapy  is  that  hypoxia  protects  cells 
against  the  cytotoxic  effect  of  radiation.  PFCs  can 
increase  the  oxygen  content  of  tumor  cells  but  not 
of  normal  cells.  In  experimental  studies,  the 
combination  of  PFCs  and  high  Fjoj  with  radiation 
therapy  has  increased  the  responsiveness  of  solid 
tumors.^"*  Trials  are  under  way  (1989-90)  using  FDA- 
20  and  hyperbaric  oxygen  (3  atmospheres  pressure) 
for  central  nervous  system  gliomas,  head  and  neck 
carcinomas,  and  lung  cancer.  No  major  increase  in 
toxicity  from  the  radiation  therapy  has  been  reported 
except  for  slightly  enhanced  skin  response  to  the 
radiation  therapy.  No  definitive  outcome  data  are 
available  from  these  trials,  but  early  results  have 
suggested  more  rapid  clearance  of  squamous  cell 
carcinoma  of  the  head  and  neck.^^ 

PFCs  also  can  sensitize  tumor  cells  to  alkylating 
agents  and  various  other  chemotherapeutic 
compounds,  with  a  consequent  delay  in  tumor  growth 
in  animal  models.^''  For  example,  the  combination 
of  the  antineoplastic  agent  carmustine  (BCNU),  95% 
oxygen,  and  FDA-20  doubles  the  survival  time  of 
rats  with  tumor  cells  implanted  into  their  brains." 
If  any  of  the  three  elements  are  missing,  the  increase 
in  survival  is  less  significant.  The  use  of  the 
combination  may  have  some  cost  in  terms  of  increased 


complications,  however.  Bleomycin  combined  with 
FDA-20  and  hyperoxia  diminish  the  growth  of  fibrous 
sarcomas  implanted  into  mice.  However,  lung 
inflammation  is  markedly  increased,  with  increased 
cellularity  seen  on  histologic  examination  and  a 
fivefold  increase  in  bronchoalveolar  lavage  cells  in 
comparison  to  exposure  to  bleomycin  and  hyperoxia 
without  FDA-20.^*  Most  of  the  increase  in  cell 
numbers  is  in  neutrophils.  This  suggests  there  is 
potential  for  long-term  lung  damage  from  this 
combination  of  therapies. 

Perfluorocarbons — Complications  of  Administration 

The  complications  of  PFC  administration  are 
shown  in  Table  5.  In  addition  to  increasing  the 
circulating  blood  volume  and  diluting  the  hematocrit, 
PFC  administration  may  cause  a  transient  drop  in 
circulating  platelet  and  neutrophil  counts.  Comple- 
ment activation  has  been  attributed  to  Pluronic  F- 
68,''*  and  PF68  also  may  be  responsible  for  the 
cytotoxicity  of  artificial  blood  substitutes  for  cells  in 
culture.^"  A  number  of  patients  have  been  described 
with  chest  pressure  and  shortness  of  breath  shortly 


Table  5.  Complications  Resulting  from  the  Administration  of 
Perfluorocarbons 

Early/Immediate 

Transient  decrease  in  platelet  and  neutrophil  counts 

Complement  activation 

Prolongation  of  bleeding  time 

Increased  circulating  blood  volume 

Fall  in  hematocrit 

Chest  pressure  and  shortness  of  breath 

Hypotension,  decreased  systemic  vascular  resistance, 

normal  CO. 
Bradycardia,  decreased  CO.,  increased  systemic  vascular 

resistance,  normal  blood  pressure 

Subacute/ Late 

Fever,  bilateral  pulmonary  infiltrates,  fall  in  PgOj 

Decreased  platelet  aggregation 

Oxygen  toxicity 

Increased  LFT*  (SCOT  &  SGPT) 

Possible  increased  levels  of  antidiuretic  hormone 

Decrea.sed  host  immune  defenses 

Possible  increased  infections 


*LFT  =  liver  function  transaminases. 
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after  receiving  infusion  of  PFCs — perhaps  related  to 
complement  activation  and  neutrophil  adhesion  to 
the  pulmonary  capillary  endothelium.  For  reasons  that 
are  unclear,  the  bleeding  time  often  is  prolonged  after 
treatment  with  FDA-20.  Finally,  there  are  two 
patterns  of  immediate  hemodynamic  response.  In  the 
first,  hypotension  is  accompanied  by  a  normal  cardiac 
output  and  decreased  systemic  vascular  resistance.^' 
Two  other  patients  have  been  reported  who  had  a 
normotensive  bradycardia  with  a  fall  in  cardiac  output 
balanced  by  an  increase  in  systemic  vascular 
resistance."  These  patients  complained  of  mild  vague 
chest  and  abdominal  pressure  within  minutes  of 
receiving  a  test  dose  of  FDA-20.  At  present,  the 
frequency  of  these  immediate  complications  of  PFC 
administration  is  not  well  established  because  of  the 
small  number  of  patients  treated.  Administration  of 
steroids  prior  to  FDA-20  infusion  partially  prevents 
both  the  drop  in  the  number  of  circulating 
granulocytes  and  the  fall  in  Pa02- 

Three  patients  with  pulmonary  reactions  occurring 
several  days  after  FDA-20  administration  have  been 
reported."  Each  patient  had  a  diffusely  abnormal 
chest  x-ray,  fever,  an  elevated  white  blood  cell  count, 
and  worsening  oxygenation.  The  mechanism  of 
pulmonary  complications  could  be  related  to:  (1) 
ARDS  due  to  the  patient's  underlying  illness;  (2) 
oxygen  toxicity;  (3)  direct  toxic  effect  of  the  PFC 
related  to  activation  of  complement,  to  initiation  of 
intravascular  coagulation  by  activation  of  plasmin- 
ogen, or  to  damage  to  lung  endothelial  cells  or 
microemboli  of  the  fluorocarbon;  (4)  increased 
susceptibility  to  infection;  or  (5)  volume  overload. 
In  some  patients  increased  levels  of  liver  transaminases 
(SCOT  and  SGPT)  have  been  observed  after  PFC 
treatment.  Increased  levels  of  antidiuretic  hormone 
also  have  been  reported.  A  decrease  in  platelet 
aggregation  may  predispose  to  increased  bleeding. 
Finally,  it  has  been  suggested  that  host  immune 
defenses  are  diminished  by  FDA-20.  Mice  injected 
interperitoneally  with  Escherichia  coli  had  increased 
mortality  if  they  received  either  FDA-20  or  Pluronic 
F-68  prior  to  the  bacteria.^"  The  mechanism  proposed 
for  the  decreased  host  resistance  is  related  to  decreased 
neutrophil  migration  and  adherence.  In  addition, 
after  PFC  exposure  neutrophils  mount  a  delayed  and 
diminished  burst  of  oxygen  radical  production,^*"  and 
phagocytosis  also  may  be  diminished.  In-vitro  PFCs 
selectively  kill  macrophages"  and  also  diminish  their 


stimulated  oxidative  burst.^*  After  phagocytosis  of 
PFCs,  the  reticuloendothelial  system  may  be  blocked 
in  a  fashion  similar  to  that  seen  after  silica  exposure. 
These  interferences  with  the  inflammatory  cells  that 
perform  a  primary  role  in  host  defenses  may  translate 
into  an  increased  risk  of  infection.  However,  the 
clinical  studies  of  FDA-20  in  human  beings  have 
not  directly  addressed  this  issue  and  have  not  yet 
reported  an  increase  in  clinical  infections. 

Perfluorochemicals — New  Agents  and  Exotic  Uses 

Several  unusual  uses  have  been  suggested  for  PFCs. 
Because  many  PFCs  are  radio-opaque,  they  have  been 
used  as  contrast  agents  for  bronchography  or 
computed  tomography  scans.  For  example,  the  new 
PFC  perfluoroctylbromide  (PFOB)  has  been  used  in 
Europe  as  a  contrast  agent  for  bronchograms,  blood 
pool  studies,  liver  and  spleen  scans,  and  localization 
of  inflammatory  lesions."'"  Like  FDA-20,  PFOB 
is  taken  up  by  macrophages  and  excreted  by  the  lungs. 
However,  it  has  a  longer  intravascular  half-life  of 
14-43  hours.  It  can  be  prepared  as  a  denser  emulsion 
than  FDA-20  and  does  not  contain  Pluronic  F-68. 
However,  little  has  been  published  about  the  oxygen- 
carrying  properties  of  this  agent.  Other  exotic  uses 
of  PFCs  include  their  use  with  liquid  membrane 
oxygenators  or  for  cardioplegia  and/or  cardiopulmo- 
nary bypass.  Although  the  technique  is  impractical, 
intraperitoneal  injection  of  oxygenated  PFCs  can 
provide  an  extrapulmonary  route  of  oxygen  delivery. 
Finally,  harkening  back  to  Clark  and  GoUan's 
experiments  in  1966,''  liquid  ventilation  with 
oxygenated  PFCs  for  premature  neonates  with  severe 
respiratory  failure  is  being  tested  experimentally. 

Perfluorochemicals — Conclusions 

At  present,  oxygen  transport  by  PFCs  is  limited 
by  important  physiologic  factors:  (1)  requirement  for 
a  very  high  Pa02;  (2)  the  inability  to  achieve  fluorocrits 
above  10%;  (3)  the  short  intravascular  half-life;  and 
(4)  the  relatively  low  oxygen-carrying  capacity 
compared  to  RBCs.  Although  current  agents  may 
not  be  of  great  benefit  for  treatment  of  severe  anemia, 
they  may  prove  of  greater  benefit  for  acute  use  to 
supply  oxygen  to  diseased  microvascular  beds.  More 
studies  are  needed,  but  it  is  exciting  to  think  that 
they  may  be  useful  in  myocardial  ischemia  or  sickle 
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cell  crisis.  Current  clinical  studies  should  help  define 
their  utility  as  sensitizers  for  radiation  and  chemo- 
therapy of  tumors.  The  microvascular  and  tumor 
therapy  uses  of  these  agents  may  avoid  some  of  the 
oxygen  toxicity  caused  by  prolonged  use  of  high 
inspired  oxygen  fractions.  However,  it  is  possible  that 
PFCs  augment  toxicity  and  damage — such  as  in 
patients  with  ARDS  or  those  undergoing  chemo- 
therapy. New  PFCs  are  being  tested  to  see  if  they 
can  overcome  the  problems  observed  with  FDA-20 — 
PFOB,  for  example,  has  some  potential  advantages.  ' 
Many  other  PFC  compounds  are  probably  being 
tested  in  the  industrial  sector.  The  lack  of  published 
information  about  other  new  PFCs  may  reflect 
proprietary  concerns  of  the  companies  studying  them. 

Hemoglobin  Solutions 
Advantages  and  Characteristics 

The  infusion  of  stroma-free  hemoglobin  (SFH)  has 
several  advantages  over  the  use  of  PFCs.  First,  the 
need  for  very  high  fractions  of  inspired  oxygen  is 
eliminated.  Second,  the  viscosity  of  SFH  is  very  low. 
Finally,  SFH  is  easily  shipped,  stored,  and  handled. 
By  eliminating  the  stromal  component  of  RBCs,  much 
of  the  toxicity  caused  by  intravascular  RBC  lysis  is 
avoided. 

The  use  of  hemoglobin  solutions  has  a  longer 
history  than  might  be  suspected.  In  1934,  Mulder 
et  al"*^  replaced  RBCs  of  dogs  and  cats  with  a 
hemoglobin  solution  with  no  measurable  change  of 
oxygen  consumption.  They  argued  that  the  animals 
were  physiologically  intact,  because  the  cats  retained 
their  righting  reflex.  In  1976,  Gould  et  al"'  treated 
nine  baboons  with  complete  exchange  transfusion 
using  SFH.  The  baboons  mainta'ned  their  normal 
V02  but  had  markedly  lower  Pv02  levels  of 
approximately  20  torr.  Although  the  affinity  of 
hemoglobin  for  oxygen  was  markedly  increased 
(reduced  P50),  the  major  mechanism  of  the  baboons' 
adaptation  was  to  increase  oxygen  extraction,  instead 
of  increasing  cardiac  output.  The  cause  of  the 
increased  hemoglobin-oxygen  affinity  was  the  loss  of 
2,3-DPG. 

In  order  to  normalize  the  P50  of  the  hemoglobin 
solution,  the  hemoglobin  was  pyridoxylated.  As 
expected,  baboons  transfused  with  pyridoxylated  SFH 
(P-SFH)  had  higher  whole  blood  P50  levels  and 
somewhat   higher   PyO:   levels.'"   Further  analysis 


indicated  that  the  cause  of  the  higher  PyO:  was  the 
use  of  relatively  anemic  hemoglobin  solutions  (7  g/ 
dL).  However,  achieving  a  hemoglobin  level  of  15 
g/dL,  would  increase  oncotic  pressure  above  60  torr, 
or  more  than  three  times  normal. 

In  response  to  this  problem,  methods  of  polymer- 
izing hemoglobin  have  been  explored,^^  with  Hgb 
typically  first  being  pyridoxylated  and  then  polymer- 
ized with  glutaraldehyde.  Because  the  polymerization 
is  not  uniform,  the  molecular  weights  of  polymerized 
pyridoxylated  SFH  range  from  64,000  to  above 
600,000  kilodaltons.  This  solution  has  a  normal 
oxygen-binding  coefficient  as  well  as  normal 
hemoglobin  concentration  and  osmotic  pressure. 

Efficacy  studies  have  been  carried  out  with 
exchange  transfusions  of  polymerized  P-SFH  in  both 
rats  and  baboons.  In  contrast  to  the  short  half-life 
of  tetrameric  SFH  (2-4  hours),  the  half-life  of 
polymerized  P-SFH  was  markedly  prolonged  at  38 
hours.^''  The  P50  for  oxygen  binding  is  18-22  torr, 
comparable  with  that  of  banked  blood.  There  is  some 
loss  of  cooperativity  between  the  hemoglobin  chains, 
presumably  due  to  the  crosslinking  of  the  four  Hgb 
subunits.  The  polymerized  Hgb  solution  can  be  stored 
in  the  cold  (4-8  °C)  for  several  months  with 
methemoglobin  concentrations  remaining  below  5% 
and  no  increase  in  viscosity.^ 

Recently  a  new  crosslinked  hemoglobin  has  been 
reported  that  prevents  dissociation  of  the  Hgb 
tetramer.^''  The  crosslinking  agent  used,  bis-pyridoxyl 
tetraphosphate,  creates  a  covalent  linkage  between 
the  2,3-DPG  binding  sites  on  each  of  the  beta  subunits. 
Consequently,  it  prevents  dissociation  of  the  tetramer 
to  alpha-beta  dimers.  This  prolongs  intravascular  half- 
life  and  reduces  oxygen  affinity  (P50  31  torr).  This 
compound  (bis-PL)P4  Hgb  is  now  undergoing  testing 
in  rats  and  other  animals. 

The  major  advantage  of  hemoglobin  solutions  is 
their  much  greater  oxygen-carrying  capacity 
compared  to  that  of  PFCs  at  normal  PaO:  levels. 
Gould  et  al  directly  compared  the  use  of  FDA-20 
with  pyridoxylated  SFH  in  10  ventilated  baboons 
who  underwent  exchange  transfusions  to  hematocrits 
of  2%.'"  All  animals  survived  with  either  a  final  SFH 
concentration  of  4.7  g%  or  a  final  fluorocrit  of  12.9%. 
The  P-SFH  contributed  more  to  oxygen  delivery  to 
the  tissues  than  did  FDA-20.  It  also  contributed  more 
of  the  consumed  oxygen  at  very  low  hematocrit  values 
than  did  FDA-20  (87%  vs  61%).  However,  with  both 
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solutions  Vq,  was  maintained  relatively  constant.  The 
baboons  transfused  with  FDA-20  received  Fjo,  of 
1.0,  whereas  the  animals  receiving  P-SFH  were 
breathing  room  air.  One  can  presume  that  polymer- 
ized P-SFH  would  have  performed  even  better.  The 
properties  of  the  different  forms  of  stroma-free 
hemoglobin  are  contrasted  in  Table  6.  The  major 

Table  6.  Properties  of  Stroma-Free  Hemoglobins  (SFH) 


Property 


SFH 


Pyridoxal      Polymer 
SFH  P-SFH 


Hemoglobin 
concentration  (g/dL) 

6-8 

6-8 

14-15 

Methemoglobin  (%) 

? 

3-5 

5-8 

02-carrying  capacity 
(mL  O^/g  Hgb) 

1.32 

1.32 

1.30 

Colloid  osmotic  pressure 
(torr) 

20-25 

20-25 

20-22 

P50  (torr) 

12-14 

18-24 

14-16 

Intravascular 
half-life  (hours) 

2-4 

2-4 

38 

advantages  of  polymerized  P-SFH  are  its  prolonged 
intravascular  half-life  and  the  higher  concentrations 
that  can  be  achieved.  Toxicity  studies  have  not  yet 
been  published. 

Complications  from  the  Use  of  Hemoglobin  Solutions 

Although  Hgb  solutions  offer  many  exciting 
possibilities,  they  also  carry  a  number  of  potential 
problems.  One  of  the  major  concerns  has  been  the 
potential  for  nephrotoxicity.  Most  of  the  nephro- 
toxicity resulting  from  intravascular  hemolysis 
probably  is  due  to  RBC  stromata  rather  than  the 
Hgb  because  the  stromata  are  toxic  for  renal  tubular 
epithelial  cells.  However,  a  clinical  safety  trial  of  SFH 
in  normal  human  volunteers  in  1977  showed  an  early 
transient  decrease  in  both  urine  volume  and  creatinine 
clearance.^**  It  is  not  clear  whether  this  may  have 
been  related  to  (1)  the  SFH  itself,  (2)  to  some  stromal 
contamination  with  phospholipid,  or  (3)  the  presence 
of  a  vasoactive  substance  in  the  hemoglobin  solution. 
Given  this  concern  and  the  current  lack  of  human 
safety  data,  the  use  of  polymerized  hemoglobins  or 
encapsulated   hemoglobins   is   appealing   because 


neither  of  these  substances  should  be  filtered  at  the 
glomerulus,  nor  should  they  contact  the  renal  tubular 
epithelium. 

Other  problems  with  SFH  solution  infusion  include 
the  frequent  occurrence  of  transient  bradycardia  and 
mild  hypertension.  Hemoglobin  solutions  may  be 
immunogenic  because  fevers,  chills,  and  shortness  of 
breath  have  occasionally  been  observed.  Finally,  some 
immunosuppression  may  occur  following  infusion. 

Conclusions 

In  summary,  hemoglobin  solutions  appear  to  show 
greater  promise  than  FDA-20  for  treatment  of  severe 
anemia  in  situations  where  RBC  transfusion  cannot 
be  used.  However,  the  intravascular  half-life  of  SFH 
solutions  still  is  short  in  comparison  with  that  of  RBCs. 
In  states  of  capillary  leak,  the  Hgb,  like  albumin, 
may  move  into  the  extravascular  space.  This  loss  of 
intravascular  protein  would  be  decreased  by  the  use 
of  polymerized  P-SFH.  At  present,  little  information 
on  either  efficacy  or  toxicity  of  polymerized  P-SFH 
solution  in  humans  is  available.  One  hopes  that  this 
information  will  become  available  over  the  next 
several  years.  One  exciting  potential  of  the  substances 
is  their  capacity  for  easy  transportation,  storage,  and 
reconstitution. 

Encapsulated  Hemoglobins 

Encapsulated  hemoglobins  have  been  explored 
much  less  than  have  the  other  two  groups  of  blood 
substitutes.  For  a  number  of  years,  there  has  been 
an  interest  in  salvaging  red  blood  cells  after  they  have 
become  outdated.  One  approach  has  been  to 
rejuvenate  the  cells  in  a  solution  containing  pyruvate, 
glucose,  phosphate,  adenine,  and  inosine  and  to 
preserve  the  cells  by  freezing  them  in  glycerol.  These 
freeze-preserved  RBCs  have  been  infused  into  elderly 
anemic  recipi";nts  with  cardiopulmonary  insuffi- 
ciency."''  The  infusions  were  well  tolerated  with  no 
untoward  effects  observed  in  1 5  transfusions  of  more 
than  4  units  each  of  RBCs.  More  than  three  quarters 
of  the  cells  still  were  present  in  the  circulation  24 
hours  after  infusion.  The  RBCs  had  increased  2,3- 
DPG  levels  and  decreased  affinity  for  oxygen,  but 
no  data  on  oxygen  delivery  or  consumption  was 
determined.  For  chronic  anemia  (such  as  occurs  in 
beta-thalassemia)  lysed,  resealed  RBCs  have  been 
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used  to  carry  oxygen.  Ropars  and  colleagues'"  have 
loaded  resealed  RBCs  with  hemoglobin  that  has  been 
modified  by  the  allosteric  regulator  inositol  hexaphos- 
phate  (IHP).  IHP  causes  a  large  rightward  shift  of 
the  hemoglobin  oxygen  dissociation  curve,  with 
consequent  oxygen  unloading.  The  in-vivo  lifespan 
of  these  lysed  and  resealed  RBCs  is  normal  (33  days). 
They  also  can  be  loaded  with  desferrioxamine  to 
chelate  iron  stores  at  sites  of  RBC  destruction  and, 
thus,  avoid  iron  overload. 

Hemoglobin  has  also  been  encapsulated  within 
liposomes — small  spheres  (diameter  0.7  /u)  made  up 
of  a  lipid  bilayer  capsule  of  mixed  lipids."  A  50% 
solution  of  liposomes  contains  7.5  g/dL  of  hemo- 
globin with  a  P50  of  24  torr.  Less  than  2%  of  the 
Hgb  is  methemoglobin.  Rats  regularly  survive  50% 
exchange  transfusions  and  sometimes  survive  95% 
exchanges.  In  rats,  the  apparent  half-life  of  these 
neohemocytes  is  approximately  6  hours,  with  no 
evidence  of  kidney  or  liver  damage.  Rats  can  be 
exchange  transfused  to  hematocrits  of  3%  without 
any  alteration  in  the  oxygen  extraction  ratio  or  Vqj-^^ 
Because  rodent  studies  have  consistently  shown  that 
liposome-encapsulated  hemoglobin  transfusions  are 
well  tolerated,  it  will  be  interesting  to  determine 
whether  they  can  be  used  safely  in  humans.  Much 
work  on  these  encapsulated  hemoglobins  lies  ahead. 
For  example,  the  optimal  liposomal  size  and  lipid 
mixture  must  be  determined  to  optimize  their  half- 
life  and  minimize  their  toxicity. 

Summary 

Perfluorocarbons  have  been  the  most  extensively 
tested  class  of  artificial  blood  substitute  compounds. 
Results  of  PFC  use  in  the  treatment  of  severe  anemia 
in  Jehovah's  Witnesses  have  been  disappointing,  but 
they  may  be  occasionally  useful.  Their  major  utility 
may  prove  to  be  in  conditions  of  abnormal  micro- 
vascular circulation  and  in  serving  as  chemo  and 
radiation-sensitizers.  The  PFCs  themselves  may  have 
significant  direct  toxic  effects  in  addition  to  the 
potential  toxicity  of  high  levels  of  oxygen  and  oxygen 
radicals  at  sites  of  inflammation  or  disease. 

Polymerized  P-SFH  solutions  and  encapsulated 
Hgb  hold  more  promise  than  does  FDA-20  for  tissue 
oxygen  delivery.  However,  few  toxicity  studies  and 
no  human  clinical  trials  have  been  done  using  Hgb 
solutions  or  liposome-encapsulated   hemoglobins. 


These  methods  may  permit  safe  use  of  outdated 
hemoglobin  that  currently  is  wasted. 

Investigations  of  all  these  substances  have  focused 
on  their  oxygen  carrying  and  delivery  properties. 
Future  investigations  must  look  at  other  RBC 
properties  such  as  carbon  dioxide  transport  and  acid 
buffering.  In  addition,  the  efficacy  of  these  blood 
substitutes  must  be  tested  when  multiple  stresses  on 
the  oxygen  transport  system  are  present.  Unfortu- 
nately, combinations  of  anemia,  cardiac  dysfunction, 
and  respiratory  failure  do  occur  in  clinical  situations 

The  potential  exists  for  the  development  of  new 
PFCs  with  greater  oxygen-carrying  capacity  and/or 
longer  half-lives.  These  newer  PFCs  will  hold  even 
greater  potential  for  use  in  ischemic  diseases  and  in 
tumor  therapy.  Hemoglobin  solutions  may  prove  very 
useful  in  treating  acute  anemia,  both  in  patients  who 
refuse  RBC  transfusions  and  in  outlying  locations  such 
as  accident  sites  or  on  battlefields.  Finally,  the  use 
of  artificial  blood  substitutes  to  restore  intravascular 
volume  has  the  potential  to  provide  two  clinical 
benefits.  The  first  benefit  is  the  persistence  of  these 
substances  in  the  circulation  for  longer  periods  than 
the  half-lives  of  albumin  or  crystalloid.  The  second 
benefit  is  the  additional  oxygen  transport. 

It  will  be  important  to  test  the  hypothesis  that 
improvement  in  oxygen  transport  and  oxygen 
consumption  in  critically  ill  patients  leads  to  improved 
clinical  outcomes.  If  this  theory  is  given  credence, 
then  finding  new  blood  substitutes  that  do  not  tax 
the  already  stressed  national  blood  banking  system 
will  become  even  more  important. 

The  habit  of  accepting  a  hematocrit  of  30%  in 
the  ICU  patient  needs  to  be  questioned.  Further 
studies  on  the  optimal  hematocrit  for  patients  with 
respiratory  failure  or  multisystem  organ  failure  need 
to  be  carried  out. 

Bartlett"  emphasized  our  lack  of  attention  to 
oxygen  transport  by  RBCs  in  his  "Critical  Carol," 
an  essay  in  which  the  ghost  of  the  physiologist  Ernest 
Stariing  visits  a  physician  caring  for  Charles  Cratchit, 
a  typical  ICU  patient,  on  Christmas  Eve.  Starling 
comments  to  the  physician  on  the  "habit  of  using 
anemia  as  a  treatment  .  .  .  you  bleed  poor  Chariie 
every  day  and  leave  him  with  a  hematocrit  of  32. 
You  are  a  modern  day  intensive  care  leech."  The 
physician's  response  is  "I  resent  being  compared  to 
a  leech.  This  patient  is  not  anemic  .  .  .  Charlie's 
hematocrit  is  32%  ...  I  mean  it's,  it's  not  anemic 
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for  a  critically  ill  patient.  Most  of  our  critically  ill 
patients  have  hematocrits  in  the  30s." 

Although  artificial  blood  substitutes  may  not 
immediately  replace  red  blood  cell  transfusion,  they 
focus  our  attention  on  oxygen  delivery  and  oxygen 
consumption  in  critically  ill  patients.  While  artificial 
blood  substitutes  are  being  tested  and  perfected  over 
the  next  decade,  the  utility  of  maintaining  hematocrits 
of  35%,  40%,  or  even  45%  in  the  critically  ill  patient 
should  be  rapidly  determined. 
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*1  never  thought  we  could  be  hit, 
I  mean,  I  knew  it  was  possible, 
but  what  were  the  chances?*' 
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The  consequences  may  have 

a  lasting  effect  The  short-term  con- 
sequences of  respiratory  syncytial  virus 
(RSV)  infection  can  include  nosocomial 
spread,  mechanical  ventilation,  extended 
hospitalization— even  death— and  can 
threaten  all  hospitalized  children  under 
4  years  old.  Respiratory  viral  infections  may 
have  a  long-term  effect  on  the  respiratory 
tree  in  some  patients,  such  as  development 
of  bronchopulmonary  disease.' 

Help  reduce  the  toll  taken  by 

ivoV.  In  clinical  experience  with  over 
50,000  patients,  treatment  of  appropriate 
patients  with  Virazole'  (ribavirin)  Aerosol 
improved  disease  symptoms  safely,  speeding 
tecovery-*  while  significantly  reducing  viral 
shedding.-'^  Virazole  may  reduce  the  need 
for  supplemental  oxygen  and  mechanical 
ventilation.'  And  Virazole  has  been  shown 
to  prevent  development  of  RSV-specific  IgE 
responses,'^  which  may  correlate  with  the 
release  of  histamine  and  clinical  expression 
of  obstructive  reactive  airway  disease.' 
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Serious  enough  to  hospitalize, 
serious  enough  to  consider 

Mrazole* 

(ribavirin) 

l\ophilizt:d  tor  hl-tosoI  admmi'.lrMion 
Please  see  follow  ing  page  tor  full  preserihing  information. 


Serious  enough 

to  hospitalize, 

serious  enough 

to  consider 

Virazole* 

(ribavirin) 

lyophilized  for  aemsol  administration 

PRESCRIBING  INFORMATION 


WARNING:  RIBAVIRIN  AEROSOL  SHOULD 
NOT  BE  USED  FOR  INFANTS  REQUIRING 
ASSISTED  VENTILATION  BECAUSE  PRECIPI- 
TATION OF  THE  DRUG  IN  THE  RESPIRATORY 
EQUIPMENT  MAY  INTERFERE  WITH  SAFE 
AND  EFFECTIVE  VENTILATION  OF  THE 
MTIENT.  Conditions  for  sale  use  with  a  venlilaloi 
are  still  in  development 

Deterioration  of  respiratory  lunclion  has  been 
associated  with  ribavirin  use  in  infants,  and  in  adults 
with  chronic  obstructive  lung  disease  or  asthma. 
Respiratory  lunclton  should  be  carefully  monitored 
during  treatment.  It  initiation  of  ribavirin  aerosol 
treatment  appears  to  produce  sudden  deterioration 
of  respiratory  lunclion,  treatment  should  be  stopped 
and  re-instituted  only  with  extreme  caution  and 
continuous  monitoring. 

Although  ribavirin  is  not  indicated  In  adults,  the 
physician  should  be  aware  that  it  is  teratogenic  in 
animals  (see  CONTRAINDICATIONS) 


DESCRimON: 

Virazole'  (ribavirin)  Aerosol,  an  antiviral  drug,  is  a  ste- 
rile, lyophilized  powder  to  be  reconstituted  lor  aerosol 
administration.  Each  100  ml  glass  vial  contains  6  grams 
ot  ribavirin,  and  when  reconstituted  to  the  recommended 
volume  of  3O0  ml  with  sterile  wafer  lor  injection  or  sterile 
water  for  inhalation  (no  preservatives  adiied),  will  contain 
20  mg/ml  ribavirin,  pH  approximately  5.5.  Aerosollzation 
IS  to  be  earned  out  in  a  SPAG  2  nebulizer  only 

Ribavirin  is  1  beta-D-ribofuranosyl1,2,4-triazole-3-car- 
boxamide,  with  the  following  structural  formula: 


A} 


Ribavirin,  a  synthetic  nucleoside  is 
a  stable,  white,  crystalline  compound 
with  a  maximum  solubility  in  Meter  of 
142  mg/ml  at  25°C  and  with  only  a 
slight  sotubiiity  in  ethanol.  The  empi 
rical  formula  is  CbHbNA  and  the 
molecular  weight  is  244.2  Daltons. 


CUNICAL  PHARMACOLOGY: 
Antiviral  eHactt: 

Ribavinn  has  antiviral  inhibitory  activity  in  vitro  against 
respnalory  syncytial  vims,'  irHuenza  vims  and  herpes  sim- 
ple virus  Ribavirin  is  also  active  against  respiratory  syn- 
cytial virus  (RSV)  in  experimentally  infected  cotton  rals^ 

In  cell  cultures,  the  inhibitory  activity  of  ribavirin  for  RSV 
Is  selectne  The  mechanism  of  action  IS  unlcnown.  Reversal 
of  the  m  nf/o  antmral  activity  by  guanosine  or  xanthosine 
suggests  nt»iinn  may  act  as  an  analogue  of  these  ceflular 
metabolites. 


Neulnlzing  antbody  responses  to  RSV  vwre  decreased 
in  ribavifln  treated  compared  to  placebo  treated  infants^ 
The  clmical  significance  of  this  obseration  IS  unlinrMn  in 
rats,  ribavirin  resulted  in  lymphoid  atrophy  of  thymus, 
spleen,  and  lymph  nodes  Humoral  immunity  was  reduced 
m  guinea  pigs  and  tenets  Cellular  immunity  was  also 
mildly  depressed  in  animal  studies, 
MIcrobloKn: 

Several  clmical  isolates  of  RSV  were  evaluated  for 
rtanrn  susceplMty  by  tfxtjt  reduction  m  tissue  culture 
Plagues  were  reduced  85-98%  by  16  jig/ml:  however, 
plaque  reductKXi  varies  with  the  test  system  The  clinical 
signilicarKe  of  these  data  s  unknown 


Assay  lor  nbawin  in  human  materials  is  by  a  radio 
•nrnunoassay  which  delects  ribavirin  and  at  least  one 
metatnue 

Ribavirin  administrered  by  aerosol  is  absorbed 
systemicaHy  Four  pediatric  patients  inhaling  ribavirin 
aerosol  admnslered  by  lace  mask  lor  2  5  hours  each  day 
to  3  i)mi  had  plasnu  concenlratiom  ranging  from  044 
to  lis  ^,mV>  a  mean  concentratnn  0)0.76^  The 
plaima  ha)-He  was  reported  to  be  U  hours  Three 
pediatric  pabems  nhaling  ntavmn  aerosol  adminislered 
by  lace  mask  or  msl  ler«  tor  20  hours  each  ilay  tor  5  days 
had  plasma  concenlraliom  ranging  from  tSto  M3/iM, 
«r(h  a  mean  concemratnn  of  68  mM 

I  ft  iMly  611  Vie  conov4Mon  ol  nliarinn  n  reapvitoiv 
Itad  Hoebons  n  much  Ngher  than  ptainia  coflcen 


trations  in  view  of  the  route  of  administration 

The  bioavailability  of  ribavirin  aerosol  is  unknown  and 
may  depend  on  the  mode  of  aerosol  delivery  After  aerosol 
treatment,  peak  plasma  concentrations  ate  less  than  the 
concentration  that  reduced  RSV  plaque  formation  in  tissue 
culture  by  85  to  98%  After  aerosol  treatment,  respiratory 
tract  secretions  are  likely  to  contain  nbavirin  in  concen 
nations  many  fold  higher  than  those  required  to  reduce 
plaque  lormation  However,  RSV  is  an  intracellular  virus 
and  serum  concentrations  may  better  reflect  intracellular 
concentrations  in  the  respiratory  tract  than  respiratory 
secretion  concentrations. 

In  man,  rats,  and  rhesus  monkeys,  accumulation  ol 
ribavirin  and/or  metabolites  in  the  red  blood  cells  has  been 
noted,  plaleauing  in  red  cells  in  man  in  about  4  days  and 
gradually  declining  with  an  apparent  hall-life  ol  40  days 
The  extent  of  accumulatnn  of  ribavirin  lolkwing  inhalation 
therapy  is  not  well  defined, 

INDICATIONS  AND  USAGE: 

Ribavirin  aerosol  is  indicated  in  the  treatment  of  carefully 
selected  hospitalized  infants  and  young  children  with 
severe  lower  respiratory  tract  mfections  due  to  respiratory 
syncytial  virus  (RSV).  In  two  placebo-controlled  Inals  in 
infants  hospitalized  with  RSV  lov^r  respiratory  trad 
infection,  ribavinn  aerosol  treatment  had  a  therapeutic 
effect,  as  judged  by  the  reduction  by  treatment  day  3  of 
severity  of  clinical  manifestations  of  disease,^*  Vims  titers 
in  respiratory  secretions  were  also  signilicantly  reduced 
with  ribavirin  in  one  of  these  studies' 

Only  severe  RSV  lower  respiratory  tract  infection  is  to  be 
treated  with  ribavinn  aerosol.  The  vast  majority  of  infants 
and  children  with  RSV  infection  have  no  lower  respiratory 
tract  disease  or  haw  disease  that  is  mild,  self-limited,  and 
does  not  require  hospitalization  or  antiviral  treatment.  Many 
children  with  mild  lower  respiratory  tract  involvement  will 
require  shorter  hospitalizatwn  than  would  be  lequired  for 
a  full  course  of  ribavirin  aerosol  (3  to  7  days)  and  should 
not  be  treated  wjh  the  drug.  Thus  the  decision  to  treat  with 
ribavirin  aerosol  shouk)  be  based  on  the  severity  of  the  RSV 
infection. 

The  presence  of  an  underlying  condition  such  as  pre- 
maturity or  cardiopulmonary  disease  may  increase  the 
severity  of  the  infection  and  its  risk  to  the  patient.  High  risk 
infants  and  young  children  with  these  underlying  condi- 
tions may  benefit  from  ribavirin  treatment,  although  ^Icacy 
has  been  evaluated  in  only  a  small  number  of  such 
patients. 

Ribavirin  aerosol  treatment  must  be  accompanied  t^ 
and  does  not  replace  standard  supportive  respiratory  and 
fluid  management  for  infants  and  children  with  severe 
respiratory  tract  infection. 
Diagnosis: 

RSV  infection  should  be  documented  by  a  rapid 
diagnostic  method  such  as  demonstration  of  viral  antigen 
in  respiratory  tract  secretions  by  immunofluorescence" 
or  ELISA^  before  or  during  the  first  24  hours  ol  treatment. 
Ribavirin  aerosol  is  indicated  only  tor  lower  respiratory  tract 
infection  due  to  RSV  Treatment  may  be  initialed  while 
awaiting  rapid  diagnostic  test  results  However,  treatment 
should  not  be  conlinued  without  documentation  of  RSV 
infection 

CONTRAINDICATIONS: 

Ribavirin  is  contraindicated  in  women  or  girls  who  are 
or  may  become  pregnant  during  exposure  to  the  drug 
Ribavirin  may  cause  fetal  harm  and  respiratory  syncytial 
virus  infection  is  self-limited  in  this  population.  Ribavinn 
IS  not  completely  cleared  from  human  blood  even  four 
weeks  after  administratwn  Although  there  are  no  pertinent 
human  data,  ribavirin  has  been  found  to  be  teratogenic 
and/or  embryolelhal  in  nearly  all  species  in  which  if  has 
been  tested  Teratogenicity  was  evident  alter  a  single  oral 
dose  of  25  mg/kg  in  the  hamster  and  after  daily  oral  doses 
of  10  mg/kg  in  the  rat.  Malformations  of  skull,  palate,  eye, 
law,  skeleton,  and  gastrointestinal  Iract  were  noted  in 
animal  studies  Survival  of  fetuses  and  offspring  was 
reduced  The  drug  causes  embryolefhality  in  the  rabbit  at 
daily  oral  dose  levels  as  low  as  1  mg/kg 

WARNINGS: 

Ribavirin  administered  by  aerosol  produced  cardiac 
lesions  in  mice  and  rats  after  X  and  36  mgflfl,  respectiwly, 
lor  4  week^  and  after  oral  administration  m  monk^  at  120 
and  rats  at  154  to  200  mg/kg  lor  I  to  6  months  Ribavirin 
aerosol  administered  to  de«k)ping  ferrets  at  60  mg/kg  tor 
10  or  30  days  resulted  in  inflammatory  and  possible 
emphysematous  changes  m  the  lungs  Prolilerative 
changes  were  seen  at  131  mg/kg  for  30  days  The  signili 
cance  ol  these  findings  to  human  administration  is 
unknwrn 

Ribavirin  lyophilized  m  6  gram  vials  is  intended  tot  use 
as  an  aerosol  only 

PRECAUTIONS: 
Ganefil: 

Patients  with  lower  respiratory  tract  mtection  due  to 
resfwatory  syncytial  virus  require  optimum  mon4oring  and 
attention  to  respiratory  and  Ifuid  status 

Intnctlons  ol  rtmrin  with  oltier  drugs  such  as  drgomn, 
bnmcbodllators.  olber  anbwal  agents,  anttonlics  or  anti 
melaboMes  bu  not  been  evaluated  inlerference  by 


ribavirin  with  laboratory  tests  has  not  been  evaluated 
Carcinogenesis,  mutagenesis,  Impairment  ol 
fertility: 

Ribavinn  induces  cell  transformation  in  an  in  vitro  mam- 
malian system  (Balb/C3T3  cell  line)  Hwever  m  wo  carcin- 
ogenicity studies  are  incomplete  Results  thus  far  though 
inconclusive,  suggest  that  chronic  feeding  ol  ribavirin  to 
rats  at  dose  levels  m  the  range  of  16-60  mg/kg  body  weight 
can  induce  benign  mammary,  pancreatic,  pituitary  and 
adrenal  tumors. 

Ribavirin  is  mutagenic  to  mammalian  (L5178Y)  cells  in 
culture  Results  ol  microbial  mutagenicity  assays  and  a 
dominant  lethal  assay  (mouse)  were  negative. 

Ribavirin  causes  testicular  lesions  (tubular  atrophy)  in 
adult  rats  at  oraldoselevelsaslowasl6mg/kg/day  (kjwer 
doses  not  tested),  but  fertility  ol  ribavirin-treated  animals 
(male  or  female)  has  not  been  adequately  investigated. 
Pregnancy: 

Teratogenic  Effects:  Pregnancy  Category  X,  See  "Con- 
traindications" section 

Nursing  Mothers:  Use  of  ribavinn  aerosol  in  nursing 
mothers  is  not  indicated  because  RSV  infection  is  self 
limited  in  this  population  Ribawin  is  toxic  to  lactaling 
animals  and  their  offspring  ft  is  not  known  whether  the 
drug  is  excreted  in  human  milk, 
ADVERSE  REAaiONS: 

Approximately  200  patients  have  been  treated  with 
ribavirin  aerosol  in  controlled  or  uncontrolled  clinical 
studies. 

Pulmonary  function  signilicantly  deteriorated  during 
nbavirin  aerosol  treatment  in  six  of  six  adults  with  chronic 
obstructiw  lung  disease  and  in  four  of  six  asthmatic  adults 
Dyspnea  and  chest  soreness  were  also  reported  in  the 
latter  group  Minor  abnormalities  in  pulmonary  function 
were  also  seen  in  healthy  adult  volunteers 

Several  senous  adverse  events  occurred  m  severely  ill 
inlanls  with  life-threatening  underlying  diseases,  many  of 
whom  required  assisted  ventilation  The  role  of  ribavirin 
aerosol  in  these  events  is  indeterminate  The  following 
events  were  associated  with  ribavirin  use: 
Pulmonary:  Worsening  of  respiratory  status,  bacterial 
pneumonia,  pneumothorax,  apnea,  and  ventilator 
dependence. 

Cardiovascular:  Cardiac  arrest,  hypotenston,  and  digitalis 
toxicity. 

There  were  7  deaths  during  or  shortly  after  treatment 
with  nbavirin  aerosol.  No  death  was  attributed  to  ribavirin 
aerosol  by  the  investigators. 

Some  suhiects  requiring  assisted  ventilation  have 
experienced  serious  difficulties  which  may  jeopardize  ade- 
quate ventilation  and  gas  exchange.  Precipitation  of  drug 
within  the  wntilatory  apparatus  including  the  endotracheal 
tube,  has  resulted  in  increased  positive  end  expiratory 
pressure  and  increased  positive  inspiratory  pressure 
Accumulation  ol  fluid  in  tubing  ("ram  out")  has  also  been 
noted. 

Although  anemia  has  not  been  reported  with  use  ol  the 
aerosol,  if  occurs  frequently  with  oral  and  intravenous 
ribavirin,  and  most  infants  treated  with  the  aerosol  have 
not  been  evaluated  1  to  2  weeks  post-treatment  when 
anemia  is  likely  to  occur,  Rellculocytosis  has  been  reported 
with  aerosol  use. 

Rash  and  conjunctivitis  have  been  associated  with  the 
use  ol  ribavirin  aerosol. 
Overdosage: 

No  overdosage  with  ribaririn  by  aerosol  administratton 
has  been  reported  in  the  human  The  LDm  in  mice  is 

2  gm  orally  Hypoaclivity  and  gastrointestinal  symptoms 
oaurred.  In  man,  nbavirin  IS  sequestered  in  red  blood  cells 
lor  weeks  alter  dosing. 

DOSAGE  AND  ADMINISTRATION 

Betore  use.  read  thoroughly  the  Viratek  Small  Particle 
Aerosol  Generator  (SPAG)  Model  SPAG-2  Operator's 
Manual  for  small  particle  aerosol  generator  operating 
instructions. 

Treatment  was  effective  when  instituted  within  the  first 

3  days  of  respiratory  syncytial  virus  Imver  respiratory  tract 
mfectton '  Treatment  early  in  the  course  of  severe  lower 
respiratory  tract  inleclion  may  be  necessary  to  achia« 
efficacy 

Treatment  is  carried  out  tor  12 18  hours  per  day  for  at 
least  3  and  no  more  than  7  days,  and  is  part  of  a  total  treat 
ment  program  The  aerosol  is  delrvered  to  an  mlanl  oxygen 
hood  from  the  SPAG  2  aerosol  generator  Administration 
by  face  mask  or  oxygen  teni  may  be  necessary  if  a  hood 
cannot  be  employed  (see  SPAG  2  manual)  Howewr  the 
volume  of  distribution  and  condensation  area  are  larger 
in  a  tent  and  efficacy  o(  this  melhod  of  administering  the 
drug  has  been  evaluated  m  only  a  smalt  number  of  patients 
Ribavirin  aerosol  is  not  to  be  administered  with  any  other 
aerosol  generating  device  oi  togethei  with  other 
aerosolized  medicatnns  Ribavinn  aerosol  should  not  be 
used  for  patients  requiring  simultaneous  assisted 
wntilafron  (see  Boxed  \»fttnings) 

Virazole  is  supplied  as  6  grams  of  lyophilized  drug  per 
too  ml  vial  for  aerosol  administration  only  By  sterile 
technique  solubnize  drug  with  sterile  USP  water  tor  miec 
Hon  or  inhalation  in  the  100  ml  vial  Transfer  to  the  clean, 
sterilized  500  ml  widemouth  Erienmeyer  (task  (SPAG  2 
Reservoir)  and  furlber  dilule  to  a  fmal  volume  ol  300  ml 


with  stenle  USP  water  tor  injection  or  inhalation  The  final 
concentration  shouW  be  20  mg/ml  Important:  This  water 
shouW  not  haw  had  any  antimicrobial  agent  or  other  sub 
stance  added.  The  solution  shouW  be  inspected  visually 
for  partKulate  matter  and  discoloratxjn  prior  to  administra- 
tion Solutions  that  have  been  placed  in  the  SPAG-2  unit 
shouki  be  discarded  at  least  ewry  24  hours  and  when  the 
liquid  lewl  is  low  before  adding  newly  reconstituted 
solution. 

Using  the  recommended  drug  concentralion  of 
20  mg/ml  ribavirin  as  the  starting  solution  in  the  drug 
reservoir  of  the  SPAG  unit,  the  average  aerosol 
concentration  tor  a  12  hour  period  would  be  190  micro- 
grams/liter  (0,19  mg/l)  of  air 

HOWSUPPUEO: 

Virazole*  (ribavinn)  Aerosol  is  supplied  in  100  ml  glass 
vials  with  6  grams  of  sterile,  lyDphilized  drug  which  is  to 
be  reconstituted  with  300  ml  stenle  water  lor  injection  or 
sterile  water  lor  inhalatton  (no  preservatives  added)  and 
administered  only  by  a  small  particle  aerosol  generator 
(SPAG-2).  Vials  containing  the  lyophilized  drug  powder 
should  be  stored  in  a  dry  place  at  15  25°C  (5978°F) 
Reconstituted  solutrons  may  he  stored,  under  sterile 
condittons,  at  room  temperature  (20  30°C,  68«°F)  for  24 
hours,  Sotutions  which  haw  been  placed  in  the  SPAG  2 
unit  should  be  discarded  at  least  every  24  hours 
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Asthma  and  Bronchitis: 
A  Shift  of  Therapeutic  Emphasis 

Hugh  S  Mathewson  MD 


Asthma  affects  more  than  5%  of  the 
population  in  developed  countries;  the 
figure  is  estimated  to  be  between  5  and 
7%  in  the  United  States.  According  to 
a  recent  report  from  the  United 
Kingdom,'  the  incidence  of  asthma  is 
increasing.  Other  studies  indicate  a  rise 
in  asthma  mortality.''^  It  is  probable 
that  the  overall  management  of  asth- 
matic patients  can  be  improved. 

Treatment  of  the  chronic  asthmatic 
patient  has  often  tended  to  be  directed 
primarily  toward  control  of  broncho- 
spasm,  while  the  underlying  inflamma- 
tory mechanisms  that  cause  bronchial 
hyperreactivity  have  been  under- 
treated.^  Evidences  of  bronchial 
inflammation  can  be  found  even  in 
mild  asthmatics.'  Increased  concentra- 
tions of  inflammatory  cells,  particularly 
eosinophils  and  lymphocytes,  are 
found  in  bronchoalveolar  lavage  fluid; 
and  mucosal  biopsy  sections  show 
these  in  abundance.*"  Bronchial  hyper- 
reactivity is  directly  related  to  the 
degree  of  inflammation,  although  there 
is  some  variability  between  tissue 
changes  and  the  severity  of  symptoms. 

The  central  role  of  eosinophils  is 
characteristic  of  the  asthmatic  condi- 
tion, and  the  term  chronic  eosinophilic 


Dr  Mathewson  is  Professor  of  Anesthesi- 
ology and  Medical  Director,  Respiratory 
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bronchitis  has  been  suggested  to 
indicate  its  inflammatory  nature.'' 
Eosinophilic  proteins  are  localized  at 
sites  of  epithelial  damage,  suggesting 
that  mucosal  epithelial  shedding  may 
be  attributable  to  their  toxic  effects." 
It  has  been  shown  that  eosinophils  are 
relatively  unaffected  by  beta- 
adrenergic  drugs'*  and  theophylline,'" 
whereas  corticosteroids  definitely 
inhibit  their  degranulation. ' '  The  roles 
of  lymphocytes  and  neutrophils  in  the 
asthmatic  process  are  less  well  defined, 
although  interleukin-5,  a  lymphokine 
elaborated  by  T-lymphocytes,  may 
augment  the  activity  of  eosinophils.'" 

The  natural  course  of  an  asthma 
episode  is  characterized  by  two  phases. 
The  first  is  an  acute  allergic  phase,  in 
which  there  is  mast  cell  degranulation 
and  release  of  histamine,  leukotrienes, 
and  possibly  other  bronchoconstrictor 
substances.  The  second  phase  is 
inflammatory  in  nature,  and  involves 
the  actions  of  mediators  elaborated  by 
eosinophils,  neutrophils,  macrophages, 
and  lymphocytes.  Beta-adrenergic 
drugs  tend  to  inhibit  mast  cell  degran- 
ulation," whereas  corticosteroids  do 
not.  Conversely,  beta  agonists  do  not 
notably  affect  the  membrane  stability 
of  eosinophils,  neutrophils,  macro- 
phages, or  T-lymphocytes,  while 
corticosteroids  play  multiple  roles  in 
suppressing  the  formation  and  release 
of  bronchoactive  contents  of  such  cells. 
These  findings  may  account  in  part  for 
the  immediate  therapeutic  response  to 
beta-adrenergic  drugs,  whereas  corti- 


costeroids, in  contrast,  require  consid- 
erably more  time,  but  eventually  cause 
a  reduction  of  inflammatory  processes 
and  a  consequent  decrease  in  bronchial 
irritability. 

Reversal  of  bronchial  hyperreac- 
tivity is  most  reasonably  approached 
by  the  use  of  anti-inflammatory  drugs. 
Of  these,  corticosteroids  are  the  most 
widely  applicable.  They  are  most 
effective  and  have  fewer  side  actions 
if  administered  by  aerosol.'^  Beclo- 
methasone  dipropionate,  triamcino- 
lone acetonide,  funisolide,  and  buden- 
oside  are  potent  corticosteroids  that  are 
topically  active.  Given  in  proper 
dosage  they  can  usually  control  asthma 
without  producing  adverse  metabolic 
effects  or  adrenal  suppression.  Buden- 
oside,  which  has  the  greatest  topical 
activity,  is  not  yet  available  in  the 
United  States.  High-dose  inhalers  that 
deliver  4  to  5  times  the  dose  per  puff 
provided  by  conventional  inhalers  are 
likely  to  be  released  soon.  These  will 
materially  aid  in  suppressing  severe  or 
refractory  exacerbations.  Advocates  of 
control  of  inflammation  as  a  primary 
goal  in  asthma  therapy  emphasize  that 
corticosteroids  represent  first-line 
treatment,  and  should  not  be  used  only 
when  beta  agonists  and  theophylline 
prove  inadequate.'* 

Cromolyn  sodium  continues  to  be 
employed  with  good  results  in  some 
patients,  although  it  is  less  effective 
than  are  aerosolized  steroids.  It  has 
been  noted  that  inhaled  cromolyn  can 
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PORTABLE  APNEA  RECORDER 


CPAP/Post  Surgical  Follow-up  of  the  Sleep  Apnea  Patient 

CNS  POLY  G  was  developed  in  response  to  the  need  for  a  CPAP/ 
post-surgical  follow-up  test.  With  Respiratory,  Oximetry,  Body  Position, 
Pulse  Rate,  and  CPAP  measurements,  you  can  evaluate  the  effectiveness 
of  the  treatment. 


Sleep  Disorders  Center  use 

With  the  innovative  breakthrough  in  CNS  transducer  technology,  POLY  G 
can  be  used  in  the  sleep  lab  as  an  interface  between  the  patient  and  the 
polygraph  or  the  CNS  SleepLab  system.  POLY  G  includes  an  oximeter  and 
all  necessary  respiratory  transducers  for  on-line  recording  of  patient 
respiratory  and  respiratory-related  data. 


Recording  Inpatients  and  ICU  Patients 

Moving  the  high  risk  patient  from  the  ICU  into  a  sleep  lab  can  create  an 
unfavorable  situation.  Now  you  can  record  the  patient  in  the  ICU  using  the 
CNS  POLY  G.  The  data  is  recorded  and  stored  in  solid  state  memory  for 
later  analysis  or  direct  visualization  at  the  sleep  center. 


CNS  POLY  G  Measurements 

•  Respiratory  Flow  (1  channel) 

•  Respiratory  Effort  (2  channels) 

•  Oximetry  Data  (O2  saturation) 


•  Pulse  Rate 

•  Body  Position 

•  CPAP  Measurement 


Full  disclosure  of  the  raw  data  is  available  for  manual  scoring  in  addition  to 
the  CNS  computerized  analysis  programs  for  all  data  types. 


CNS,  Inc.  7090  Shady  Oak  Road,  Minneapolis,  MN  55344  (612)  944-0170 


1990  CNS,  Inc. 

CNS  is  a  registered  trademark  ot  CNS,  Inc. 
Sleep  Lab  is  a  trademark  of  CNS,  Inc. 
FDA  registration  pending 
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markedly  reduce  cough,  suggesting  that 
it  has  a  depressant  effect  on  mucosal 
sensory  nerve  endings.  A  pharmaco- 
logically similar  but  more  potent 
compound  is  nedocromil,  which  is 
available  in  Europe  but  not  in  the 
United  States.''  Ketotifen  is  an 
antihistamine-like  compound  that  has 
received  a  long  clinical  trial  but  has 
yet  to  be  proven  effective  for  asthma 
prevention."" 

Increased  emphasis  on  control  of 
airway  inflammation  has  led  to  the  use 
of  anti-inflammatory  drugs  typically 
employed  for  other  diseases — partic- 
ularly chronic  rheumatoid  arthritis, 
which  has  some  immunological 
features  similar  to  chronic  asthma. 
Methotrexate,  a  folic  acid  antagonist, 
has  been  found  to  be  effective  in 
reducing  steroid  requirements  of 
refractory  asthmatics.'  Because  it  has 
marked  toxic  side  actions,  it  is  given 
in  low  doses.  Gold  salts  have  been  used 
in  a  similar  manner,  again  in  limited 
doses  to  minimize  systemic  toxicity.'" 
The  immediate  therapeutic  need  is 
reduction  of  steroid  dosage,  to  prevent 
the  development  of  osteopenia, 
myopathy,  skin  fragility,  cataracts, 
hypertension,  and  diabetes — a  formid- 
able list  of  potential  complications.  Of 
these,  osteopenia  is  the  most  urgent 
indication  for  steroid  reduction  because 
it  is  likely  to  be  irreversible. 

Troleandomycin,  a  macrolide  anti- 
biotic, can  be  used  to  reduce  the  dosage 
of  methylprednisolone,  probably  by 
prolonging  the  half  life  of  the  steroid.'' 
It  has  also  been  shown  that  premen- 
strual exacerbations  of  asthma  can  be 
prevented  to  some  degree  by  intramus- 
cular dosage  of  progesterone."" 

Bronchodilator  drugs  will  continue 
to  be  routinely  employed  for  extended 
treatment  of  asthma.  Both  beta- 
adrenergic  drugs  and  theophylline 
show  damping  effects  on  inflamma- 
tion, especially  on  microvascular 
leakage."'  Beta-2  specificity  has  been 
optimized  with  albuterol  and  terbut- 


aline;  however,  the  duration  of  action 
of  these  compounds  is  less  than  6  hours, 
which  is  not  long  enough  to  encompass 
the  nocturnal  sleeping  hours.  Two  new 
agents,  formoterol  and  salmeterol,  are 
presently  under  clinical  study.  Formo- 
terol, which  is  10  times  more  potent 
than  salbutamol,  sustains  bronchodila- 
tion  for  8  hours.""  Salmeterol,  a 
compound  structurally  akin  to  salbu- 
tamol, has  maintained  its  effect  for  a 
12-hour  period,  with  no  tachyphylaxis 
after  9  days  of  treatment."' 

The  action  of  theophylline  has  been 
extended  through  the  development  of 
slow-release  oral  preparations.  It  is 
anticipated  that  reasonably  steady 
plasma  levels  will  soon  be  attainable 
with  a  single  daily  dose.  Experimental 
efforts  are  now  directed  toward  the 
synthesis  of  xanthine-like  bronchodi- 
lator compounds  that  have  minimal 
cardiovascular  side  actions.  Although 
the  therapeutic  effect  of  theophylline 
is  no  longer  considered  to  be  due  to 
phosphodiesterase  (PDE)  inhibition, 
work  continues  on  PDE-inhibitor 
compounds,  most  of  which  are 
different  from  xanthines.  Selective 
PDE  inhibitors  that  are  potent  bron- 
chodilators  have  been  derived  from  the 
nucleoside,  griseolic  acid.""" 

Anticholinergic  drugs  depress 
muscarinic  receptors  on  both  airway 
smooth  muscle  and  mucosal  and 
bronchial  secretory  cells.  They  are  less 
effective  than  beta-adrenergic  drugs  in 
asthma  management,  and  are  usually 
used  in  combination  with  other 
bronchodilators."'  Ipratropium  bro- 
mide is  the  most  widely  used  aerosol 
compound;  it  is  the  N-isopropyl 
quaternary  homologue  of  atropine. 
Experimental  studies  have  not  strayed 
far  from  well-known  atropine-like 
structures.  However,  the  identification 
of  at  least  three  types  of  muscarinic 
receptors  (Ml,  M2,  M3)  has  stimulated 
new  research  to  find  compounds  that 
discriminate  among  them.  Pirenzepine, 
an  orally  active  specific  Ml  antagonist, 
reportedly  dilates  both  large  and  small 


airways  in  asthmatic  patients."*"  Its 
primary  clinical  application  thus  far  is 
for  peptic  ulcer  therapy,  and  its  use 
is  still  investigational. 

Much  research  effort  continues  to 
be  directed  toward  suppressing  the 
mediators  that  trigger  asthma  attacks. 
Compounds  can  be  designed  that 
interfere  with  biosynthesis  or  release 
of  the  mediator.  Other  agents  can  block 
the  receptor  sites  or  prevent  smooth 
muscle  cell  responses  to  the  mediator. 
Drugs  that  blockade  histamine  recep- 
tors are  relatively  ineffective,  and 
research  interest  has  focused  on 
compounds  that  can  control  lipid 
mediators  such  as  leukotrienes,  throm- 
boxanes, and  prostaglandins.  Several 
leukotriene  (LTD4)  antagonists  have 
been  tested  clinically."  "*  Inhibitors  of 
5-lipoxygenase,  an  enzyme  essential  to 
leukotriene  biosynthesis,  have  also 
been  prepared."'*  A  thromboxane 
(TXA:)  antagonist  was  recently 
reported  to  decrease  allergen-induced 
bronchoconstriction  in  man.'" 

Platelet-activating  factor  (PAF)  is  a 
lipid  substance  that  attracts  and 
activates  eosinophils.  It  can  induce  a 
state  of  bronchial  hyperresponsiveness 
that  lasts  up  to  4  weeks."  Inhibitors 
of  PAF  have  shown  clinical  promise, 
but  their  application  in  asthma  therapy 
is  yet  to  be  established.  Similarly,  the 
release  of  certain  neuropeptides 
(bradykinins,  substance  P)  contribute 
to  bronchial  inflammation.'"  Finding 
agents  that  control  these  compounds 
constitutes  another  line  of  therapeutic 
investigation. 

A  novel  approach  to  bronchodilator 
drug  development  involves  the  study 
of  potassium-ion  (K*)  channel  openers. 
Several  of  these  are  known,  but  one 
in  particular  chromokalim  has  been 
reported  to  inhibit  histamine-induced 
bronchoconstriction  in  man."  Clinical 
trials  of  K*  channel  openers  will  occur 
soon,  although  probably  for  conditions 
other  than  asthma.  Because  they  relax 
vascular  smooth  muscle,  they  offer 
promise  as  antihypertensive  agents. 
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The  Uniform  Reporting  Manual, 

3rd  Edition 


V. 
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The  third  edition  of  the  Uniform.  Reporting  Manual  represents  dramatic  changes  —  in 
the  format,  the  activities  covered,  and,  in  many  instances,  in  the  time  standards.  It's  an 
indispensable  guide  for  managers  who  need  to  document  their  work-load  units  and  time 
standards.  The  new  third  edition  is  easier  for  you  to  use.  And,  it  is  now  ready  to  ship. 

This  updated  version  documents  work-load  units  and  time  standards  on:  Patient 
Assessment  Activities,  Airway  Care,  Bronchial  Hygiene,  Diagnostic  Tests,  and 
Supplemental  Oxygen.  In  addition,  there  are  chapters  on  Clinical  Activities  without  Time 
Standard  and  Management  Support  Activities. 

The  manual  costs  AARC  members  only  $60. 
For  nonmembers,  the  cost  is  $80. 

SAVE  HALF  THE  PRICE 

If  you  purchased  the  first  or  second  edition  of  the  Uniform  Reporting  Manual,  you  can 

get  the  third  edition  at  half  price  by  sending  us  the  cover  of  the  three-ring  binder  from 
your  old  edition. 

To  order,  call  (214)  243-2272  with  your  credit  card  number, 
or  send  your  check  or  hospital  purchase  order  with  the  coupon  below. 
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G  1  want  to  save  half  the  price;  enclosed  is  the  binder  cover  from  my  old  manual. 
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Introducing  Humana's 

expanded  Mobile  Corps.  Now 

your  career's  guaranteed 

to  take  you  places. 

Now  for  the  first  time,  Accredited  Records 
Techniciiins,  Registered  Record  Administrators, 
Physical  Therapists,  Radiology  Technicians, 
Respiratory  Therapists,  Medical  Technologists, 
Pharmacists  and  other  health  care  profes- 
sionals can  travel  just  like  our  nurses. 

Humana  has  over  80  facilities  in  19  states, 
stretching  from  coast  to  coast,  and  represent- 
ing every  climate  and  lifestyle  in  the  country. 
In  the  !iew  Mobile  Corps,  you  can  choose  the 
region  in  which  you  want  to  work.  And  with 
each  assignment,  youTl  advance  your  career 
without  sacrificing  seniority — or  full  benefits. 

Benefits  that  include  paid  round-trip 
travel  co.sts,  housing  that's  either  free  or  sub- 
sidized, a  savings  plan,  even  the  ability  to  stay 
somewhere  permanently  if  you  like.  And 
that's  iill  in  addition  to  the  travel,  and  other 
advantages  that  could  only  come  from  one 
of  America's  leading  health  care  companies. 

Get  your  career  moving  in  Humana's 
new  Mobile  Corps.  For  information,  c;ill 
1-800-637-2750.  F.OF.. 
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Listings  and  Reviews  of  Books  and  Other  Media 

Note  to  publishers:  Send  review  copies  of  books,  films,  tapes,  and  software  to 
Respiratory  Care,  PO  Box  29686,  Dallas  TX  75229. 


Books,  Films, 
Tapes,  &  Software 


Respiratory  Care:  Evolution  of  a 
Profession,  by  Gary  A  Smith  CRTT. 
233  pages.  Lenexa  KS:  Applied 
Measurement  Professionals  Inc,  1989. 
Hardcover  $35.00;  Soft-cover  $17.50. 

Gary  Smith,  the  Associate  Executive 
Director  of  the  National  Board  for 
Respiratory  Care  (NBRC),  has  inter- 
woven the  contributions  of  five 
distinguished  personalities  in  our 
profession  with  his  own  prose  to 
produce  a  rather  unusual  book.  These 
contributors  are  Steven  K  Bryant 
MBA,  NBRC  Executive  Director;  H 
Frederic  Helmholz  Jr  MD,  NBRC 
Trustee;  Vincent  D  Kracum  RRT, 
AARC  Life  Member  and  former 
AARC  representative  to  the  Joint 
Review  Committee  for  Respiratory 
Therapy  Education  (JRCRTE); 
Robert  M  Lawrence  MD,  former 
NBRC  Trustee;  and  James  F  Whitacre 
MS  RRT,  AARC  Life  Member,  former 
JRCRTE  Trustee,  and  former  Secre- 
tary of  the  NBRC's  predecessor 
organization  the  American  Registry  of 
Inhalation  Therapists. 

The  author's  stated  intention  is  to 
develop  and  present  a  coherent  history 
of  the  profession  for  the  benefit  of  its 
students,  potential  students,  educators, 
and  current  practitioners.  To  this  end, 
the  book's  major  chapters  follow  an 
outline  that  includes  the  chapter  theme 
followed  by  commentary  on  clinical 
practice,  educational  developments, 
credentialing,  and  the  "Association" 
(meaning  the  American  Association 
for  Respiratory  Care  [AARC]).  The 
book's  nine  chapters  are  comple- 
mented by  nine  appendices,  the  most 
ambitious  of  which  is  Appendix  1  — 
Chronology  of  Respiratory  Care 
Milestones.  This  19-page  appendix, 
which  includes  notes  on  technical 
developments,   carries   the   reader 


forward  from  Hippocrates,  410  BC,  to 
the  1989  NBRC  decision  to  offer  the 
perinatal-pediatric  respiratory  care 
specialty  examinations  in  1991. 

Evolution  of  a  Profession  is  the 
only  book  of  its  kind  of  which  I  am 
aware  and  should  serve  as  a  benchmark 
volume  against  which  other  books  of 
its  genre  can  be  measured.  Because  of 
this,  I  feel  that  the  author  has  served 
the  profession  well. 

When  1  first  read  the  book,  cover- 
to-cover,  I  found  the  writing-style 
differences  among  Smith  and  his 
contributors  to  be  somewhat  discon- 
certing. The  smooth,  erudite  sentence 
structures  created  by  Dr  Helmholz  do 
not  flow  easily  into  the  witty, 
humorous,  and  loquacious  forms 
presented  by  Dr  Lawrence.  Too,  I 
initially  perceived  as  a  structural  flaw 
the  fact  that  there  was  not  a  major 
contributor  representing  the  insider 
viewpoint  of  the  AARC.  Mr  Smith 
reserved  that  task  for  himself 

I  read  it  again — this  time  for  fun 
as  Helmholz  suggested — and  found 
myself  drawn  into  the  high  drama  of 
the  past.  Nearly  every  page  and  nearly 
every  name  provoked  a  memory,  not 
always  a  pleasant  one  but  a  memory 
nonetheless.  As  a  case  in  point,  I  had 
never  before  fully  appreciated  what  a 
tremendous  impact  a  single  lawsuit 
could  have  on  an  entire  profession  even 
though  I  was  an  active  participant  early 
on.  The  implications  and  far-reaching 
ramifications  of  the  class-action,  anti- 
trust complaint  known  as  Veizaga  et 
al  vs  NBRT  et  al  are  succinctly 
described. 

Happily,  the  book  has  some  of  the 
elements  of  a  good  mystery  tale — 
elements  that  readily  lend  themselves 
to  the  folklore  of  the  profession.  Who 
assaulted  Bill  Morrison  in  Anaheim, 
California,  in   1975?  Who  was  the 


AAIT  representative  who  helped 
incorporate  the  'wrong'  Board  of 
Schools  in  1 967?  What  transpired  over 
lunch  in  early  1982  to  alter  the 
AARC's  reportedly  truculent  posture 
on  sponsor  representation  of  the 
NBRC? 

Finally,  the  flaw  that  I  had  seen 
became  a  strength!  The  author  has 
presented  the  refreshing  viewpoint  of 
a  member  interested  in  his  associa- 
tion— not  that  of  a  biased  direct 
participant  in  those  political  events  that 
have  shaped  the  AARC. 

This  book  could  well  have  profited 
from  the  assistance  and  guidance  of 
a  professional  editor.  The  reading 
audience,  having  spent  hard-earned 
money,  is  entitled  to  a  finished  product. 
Yet,  as  early  in  the  book  as  Page  5, 
we  find  reference  to  Dr  Comroe's  "lab" 
when  it  would  have  been  more 
appropriate  to  discuss  the  good 
Doctor's  laboratory.  On  Page  20,  we 
find  that  Norton  treated  pulmonary 
"adema"  and  that  the  NBRC  resorted 
to  legal  "horsepower"  rather  than  high- 
level  legal  council  between  1976  and 
1979  (Page  108).  It  is  most  probable 
that  "sometime"  in  1961  Mr  Whitacre 
convinced  Dr  Lawrence  to  become  his 
medical  director  rather  than  "some- 
place," as  reported  on  Page  126.  Also, 
the  author  permitted  Mr  Bryant  to 
write  about  "this"  data  rather  than 
these  data  on  Page  1 79. 

A  typeface  that  has  diacritical  marks 
should  have  been  used.  I  consider  it 
discourteous  not  to  use  these  marks 
when  writing  proper  names  such  as 
Morch  or  Drager. 

Be  that  as  it  may,  I  feel  that  the 
soft-cover  edition  of  Respiratory 
Care:  Evolution  of  a  Profession  is 
well  worth  the  money  I  spent  for  it. 
I  felt  this  to  be  particularly  true  when 
I  learned  that  the  author  is  contributing 
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INTRODUCING  THE  ReSPIRADYNE*  %,«,, 

Hand-held  Pulmonary  Function/Ventilation  Mor(itor-^"'i' 


Respiradyne  II  offers  key  features  at  affordable 
prices... 

■  compact  unit  with  printer  ■  easy  to  operate  ■  com- 
pares patient  test  to  predicted  normal  values  ■  self- 
calibrating  ■  automatic  determination  of  "Best  Test" 


(FEF,. 
PLUS 


Easy  to  use  unit  measures  forced  exhalation  and 
extubation  parameters: 
Exhalation  Parameters 

■  Forced  Vital  Capacity  (FVC)  ■  Forced  Expiratory 
Volume  in  One  Second  jFEV.)  ■  Peak  Flow  ■  Forced 
Expiratory  Flow  Between  25%  and  75%  of  Vital  Capacity 


I  Percent  Extrapolated  Volume  (Vol.  Extra.  %) 
.  Percentage  ratio  of  FEV,/FVC 


Extubation  Parameters 

■  Respiration  Rate  (RR)  ■  Tidal  Volume  (TV)  ■  Minute 
Volume  (MV)  ■  IViaximum  Voluntary  Ventilation  (MVV) 

■  Negative  Inspiratory  Force  (NIF) 

Applications  include: 

■  monitoring  of  bronchodilator  therapy  ■  ventilator 
weaning  measurement  ■  pre-extubation  evaluation  In 
recovery  room  and  ICU  ■  pre-surgical/anesthesia 
screening  ■  ER.  ambulance  screening 


For  more  information,  c 

1-800-325-7472 
(outside  Missouri). 

1-800-392  7318 
(in  Missouri). 
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BOOKS,  FILMS,  TAPES,  &  SOFTWARE 


a  portion  of  the  proceeds  of  each  sale 
to  the  Morton  B  Duggan  Scholarship 
Fund  administered  by  the  American 
Respiratory  Care  Foundation. 

Robert  R  Weilacher  RRT 

Director,  Respiratory  Care  Service 

Memorial  Hospital 

Palestine,  Texas 


Neonatal-Pediatric  Respiratory 
Care:  A  Critical  Care  Pocket  Guide, 

by  Dana  Oakes  BS  RRT,  1st  ed. 
Pocket  book,  illustrated,  290  pages. 
Old  Town  ME:  Health  Educator 
Publications,  1989.  $17.95. 

Respiratory  care  for  infants  and 
children  is  a  unique  discipline  devoted 
to  a  population  that  cannot  be  consi- 
dered to  consist  of  little  adults.  Because 
neonatal  and  pediatric  respiratory  care 
is  a  specialty,  those  who  don't  work 
with  this  age  group  on  a  regular  basis 
and  even  those  who  do  may  benefit 
from  a  'luggable'  handbook  that  is  no 
farther  away  than  one's  lab  coat 
pocket.  Neonatal/Pediatric  Respira- 
tory Care:  A  Critical  Care  Pocket 
Guide  is  a  book  that  fits  this  bill.  In 
a  world  of  increasing  numbers  of 
respiratory  care  handbooks,  this  is  the 
only  handbook  to  my  knowledge 
completely  devoted  to  respiratory  care 
of  neonatal  and  pediatric  patients.  The 
author  is  a  seasoned  therapist-educator 
with  more  than  1 1  years  of  teaching 
experience. 

The  handbook  can  be  utilized  not 
only  by  respiratory  therapists  but  by 
physicians  and  nurses  as  well.  It  covers 
a  wide  range  of  subject  matter  related 
to  respiratory  care  and  is  exhaustive 
in  the  information  presented.  I  found 
more  information  than  I  would  ever 
have  need  for  as  a  pediatric  respiratory 
therapist.  The  author  states  in  the 
preface  that  a  basic  knowledge  of 
neonatal  and  pediatric  respiratory  care 
is  required  when  using  this  book.  This 


is  probably  because  its  intended 
audience  is  assumed  to  be  using  the 
handbook  at  a  critical  care  level.  The 
handbook  measures  4.5"  x  6.5"  x  1 .5" 
and  offers  the  user  varying  charts, 
tables,  illustrations,  and  algorithms. 
The  book  is  bound  with  a  6-ring 
binder,  making  it  convenient  to  add 
or  delete  pages.  The  6-page  index 
makes  it  easy  to  locate  desired  subjects 
in  the  book,  although  for  the  subject 
matter  presented  an  even  more 
complete  index  would  have  been 
appreciated.  I  was  unable  to  locate 
Ribavirin  or  Alupent,  two  commonly 
aerosolized  medications,  in  the  index. 
The  table  of  contents  consists  of  1 7 
sections.  Six  of  the  first  eight  deal 
exclusively  with  assessment,  the  other 
two  with  CPR  and  perinatal  transport. 
It  would  probably  flow  better  with 
these  two  in  a  different  part  of  the  table 
of  contents  so  that  the  assessment  group 
could  be  together.  There  is  a  chapter 
perhaps  mistitled  named  General 
Nursing  Care  that  adequately  covers 
several  aspects  of  thermal  regulation 
and  half  a  page  of  infection  control 
information.  This  is  somewhat 
misleading  and  should  have  been  titled 
Thermal  Regulation.  I  found  only  one 
error  in  the  page  numbers  (the  omission 
of  Page  40  in  Section  17  of  the 
Diseases/Disorders  chapter). 

With  any  handbook,  the  user  must 
expect  to  encounter  smaller  sized  print. 
This  is  also  true  with  this  book.  I  had 
no  problem  at  all  reading  the  type  and 
only  experienced  moderate  hindrance 
in  reading  a  few  charts;  the  appendix 
conversion  of  pounds  and  ounces  to 
grams  can  be  interpreted,  but  in  the 
situation  where  the  user  may  find 
himself  in  a  poorly  lit  area,  much 
difficulty  may  be  experienced.  The 
only  other  item  that  was  somewhat 
hard  to  read  was  the  postural  drainage 
photographs  for  infants,  which  looked 
to  be  copies  of  black  and  white 
photography  of  poor  resolution. 

The  chapter  titled  Epiglottitis  has  a 
helpful   chart  and   algorithm   that 


provide  a  logical  progression  through 
the  diagnosis  and  the  initial  treatment 
of  croup  and  epiglottitis;  however,  the 
three  croup  scoring  diagrams  in  the 
chapter  Croup  left  me  somewhat 
confused.  Different  degrees  of  a  cough 
were  assigned  different  scores  in  the 
diagrams.  On  one  chart,  a  barking 
cough  is  assigned  a  I  and  on  the  other 
a  2.  The  author's  attempt  to  provide 
a  lot  of  information,  led  to  some 
confusion  on  my  part.  Perhaps  one 
diagram  would  suffice.  Nevertheless,  I 
do  appreciate  the  wealth  of  informa- 
tion regarding  croup  and  epiglottitis. 

The  mechanical  ventilation  chapter 
is  comprehensive.  It  was  helpful  to  see 
a  classification  of  positive  pressure 
ventilators  broken  down  into  the  four 
phases  of  a  mechanical  breath  and  the 
peculiarities  associated  with  the 
different  types  of  ventilators  compared. 
The  four  phases  of  the  mechanical 
breath  are  inspiratory  phase,  switch 
from  inspiration  to  expiration,  expira- 
tory phase,  and  switch  from  expiration 
to  inspiration.  He  also  covers  in  detail 
the  specific  settings  associated  with 
mechanical  ventilation.  The  initial 
settings  and  ventilator  management 
seem  well  thought  out. 

Overall,  I  believe  that  this  book 
provides  a  needed  service  not  only  to 
respiratory  care  practitioners  but  also 
to  physicians  and  nurses  who  provide 
neonatal  and  pediatric  care.  I  agree 
with  Dr  Field's  statement  in  the 
Foreword  "this  book  may  serve  the 
respiratory  therapist,  nurse,  or  physi- 
cian as  well  as  the  Harriet  Lane  Manual 
has  served  the  pediatric  house  officer 
for  general  care."  Neonatal/Pediatric 
Respiratory  Care:  A  Critical  Care 
Pocket  Guide  is  a  handbook  that  I 
would  not  hesitate  to  refer  to  daily. 


Thomas  Kallstrom  RRT 

Quality  Assurance  Coordinator 

Rainbow  Babies  & 

Childrens  Hospital 

Cleveland,  Ohio 
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The  new  MiniCAP'"  100  CO2  Monitor 
eliminates  the  two  biggest  problems  in 
modern  capnometry— calibration  drift 
and  fluid  contamination. 


End  calibration  and 
fluid  handling  worrie; 


Calibration  accuracy  is  guaranteed  with  a 
two-year  calibration  warranty.  Such 
enduring  accuracy  results  from  a  high 
stability  sensor  design  and  a  patented 
drift  correction  technique.  The  sensor's 
performance  is  monitored 
and,  if  needed,  compensated 
for  automatically,  without 
instrument  downtime  or  cali- 
bration gas. 

The  MiniCAP  100  CO2  Monitor's 
fluid  handling  is  superior,  too. 
It  features  a  minimal  dead  space 
fluid  reservoir  and  fiber  optics 
sensing  that  purges  fluids 
into  the  reservoir,  then 
alarms  when  full. 

The  optional  MiniCAP  Graphic 
Display  Unit  provides  waveforms,  24-hour 
trend  information,  and  digital  display  of 
CO2,  respiration  rate,  and  mean  N2O. 
The  unit  interfaces  easily  with  an  Epson® 
FX  graphics  compatible  printer  for  hard 
copy  of  waveforms. 

For  complete  details  on  the  CO2  monitor 
you  can  use  with  confidence,  call 
1-800-672-4678,  Ext.  8826. 
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3706  Crondall  Lane 

Owings  Mills,  MD  21117  USA 

301/356-2400 

FAX:  301/581-0346 

Circle  90  on  reader  service  card 


Epson  is  a  registered  trademark  of  Seilto  Epson  Corporation. 


Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space  available 
basis,  in  Calendar  of  Events  in  Respiratory  Care.  Ads  for  other  meetings  are  priced  at  $5.50  per  line 
and  require  an  insertion  order.  Deadline  is  the  20th  of  month  two  months  preceding  the  month  you  wish 
the  ad  to  run.  Submit  copy  and  insertion  orders  to:  Calendar  of  Events,  Respiratory  Care,  PO  Box  29686, 
Dallas  TX  75229. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

March  15-16  in  Newport,  Rhode  Island.  The  Rhode  Island  Society 
for  Respiratory  Care  presents  its  6th  annual  Respiratory  Care  Symposium, 
"The  Newport  Challenge — Sails  On."  Contact  Jayne  Matoian  RRT,  PO 
Box  9051,  Providence  RI  02940-9051.  (401)  723-8496. 

April  3-5  in  Fargo,  North  Dakota.  The  North  Dakota  Society  for 
Respiratory  Care  presents  its  annual  meeting.  Airway  mechanics  (pediatric 
PFTs),  oxygen  consumption,  and  HFJV  ventilation  are  among  the  topics 
presented.  Featured  speakers  include  Neil  Maclntyre  MD.  Richard 
Branson  RRT,  and  Evan  Richards  RRT.  Contact  Mike  Leier  or  Gary 
Brown,  St  Luke's  Hospitals,  720  4th  Street  N,  Fargo  ND  58122.  (701) 
234-5191. 

April  4-6  in  Baton  Rouge,  Louisiana.  The  Louisiana  Society  for 
Respiratory  Care  holds  its  20th  Annual  Educational  Meeting  at  the 
Embassy  Suites.  Contact  Jim  Lanoha  RRT,  (504)  387-7080. 

April  10-13  in  Southfleld,  Michigan.  The  Michigan  Society  for 
Respiratory  Care  presents  its  32nd  Annual  Respiratory  Care  Symposium, 
"1990:  Now  What?"  Noted  speakers  include  Neil  Maclntyre,  John 
Goodman,  and  Sam  Giordano.  Contact  MSRC.  PO  Box  950,  East  Lansing 
Ml  48826,  or  call  Caroline  Kimmel,  (517)  337-1351. 

April  11-13  in  Nashville,  Tennessee.  The  Tennessee  Society  for 
Respiratory  Care  presents  its  annual  educational  seminar  and  exhibition, 
"1990s — A  New  Frontier,"  at  the  Vanderbilt  Plaza  Hotel  in  Nashville. 
Contact  Colleen  Schabacker,  Cardiopulmonary  Dept,  Jesse  Holman 
Jones  Hospital,  509  Brown  St,  Springfield  TN  37172,  or  call  (615) 
384- 1 569.  For  exhibitor  information,  contact  Candace  Partee,  (615)  449- 
0500. 

April  17-19  in  Philadelphia,  Pennsylvania.  The  Pennsylvania  Society 
for  Respiratory  Care  presents  its  annual  conference  and  exhibition  at 
the  Adam's  Mark  Hotel.  This  year's  theme  is  "Putting  on  the  Ritz  for 
Our  25th!"  Respiratory  care  and  cardiovascular  technology  will  be 
highlighted.  Contact  Jill  Bucholtz,  (215)  526-3341;  or  Wendy  Janor, 
(215)456-8049. 

April  18-20  in  Rancho  Mirage,  California.  The  California  Society  for 
Respiratory  Care,  Chapters  1,  2,  3,  and  4,  co-host  their  9th  annual  "Bright 
Horizons  in  Respiratory  Care  Symposium"  at  the  Annenberg  Center 
for  Health  Sciences  on  the  Eisenhower  Medical  Center  campus.  Speakers 
include  David  Pierson  MD,  John  Bach  MD,  Dean  R  Hess  MEd  RRT, 
Bud  Spearman  BS  RRT,  Michael  Gurevitch  MD  RRT.  Topics  include 
pressure  ventilation,  updates  on  barotrauma  and  auto-PEEP,  MDIs  vs 
SVN  in  ventilator  therapy,  ventilator-trigger  sensitivity  and  WOB, 
noninvasive  mask  ventilation,  neonatology,  pediatrics,  and  oxygen 
transport  and  assessment.  For  more  information,  call  (800)  321-3690. 
In  California  (800)  621-7322.  FAX  (619)  773-4513. 

April  18-20  in  Des  Moines,  Iowa.  The  Iowa  Society  for  Respiratory 
Care  presents  its  1990  Iowa  Lung  Conference  at  the  Hotel  Jort  Des 
Moines.  Contact  Mike  Wheeler,  (515)  283-6207. 

April  18-20  in  Osage  Beach,  Missouri.  The  Missouri  Society  for 
Respiratory  Care  presents  its  annual  meeting,  "Come  Cruise  With  Us" 
at  the  Tan-Tar-A  resort.  Lake  of  the  Ozarks.  Keynote  speakers  are  Jerome 
Sullivan  RRT,  Joel  Cooper  MD,  and  Robert  Kacmarek  RRT.  Contact 
Jack  Dale,  (816)836-8100. 

April  25-27  in  Sioux  Falls,  South  Dakota.  The  South  Dakota  Society 
for  Respiratory  Care  hosts  its  annual  meeting.  "The  New  Decade— 
A  Survival  Kit  of  the  '90's"  at  the  Howard  Johnson.  Contact  Mary 
Reinesch,  (605)  333-6477. 


May  8-10  in  Fontana,  Wisconsin.  The  Wisconsin  Society  for  Respiratory 
Care  presents  its  annual  meeting.  "Celebrating  20  years,"  at  the  Abbey 
on  Lake  Geneva.  Contact  Tami  Hansen  RRT,  (608)  263-7050. 

May  16-18  in  Myrtle  Beach,  South  Carolina.  Georgia/South  Carolina 
Region  VI  presents  its  14th  Annual  Conference  and  Assembly  at  the 
Landmark  Hotel.  Contact  Mike  Payne,  Georgia/South  Carolina  Region 
VI,  730  S  Pleasantburg  Dr,  Suite  525,  Greenville  SC  29607.  (803)  879- 
0200. 

June  13-15  in  St  Charles,  Illinois.  The  Illinois  Society  for  Respiratory 
Care  presents  its  annual  convention,  "Westward  Ho:  Golden 
Opportunities  in  Respiratory  Care,"  at  Pheasant  Run.  Contact  Trudy 
Watson  RRT,  Black  Hawk  College,  6600  34th  Ave.  Moline  IL  61265, 
(309)  796-131 1.  ext  3303;  or  Vince  Madama  RRT,  Rock  Valley  College, 
3301  N  Mulford  Dr,  Rockford  IL  61103,  (815)  654-4413  or  (815) 
654-4410. 

June  14-16  in  San  Diego,  California.  The  California  Society  for 
Respiratory  Care  presents  the  1990  Annual  Convention,  "Pursuing 
Professional  Excellence,"  at  the  Sheraton  Harbor  Island  East  in  San 
Diego.  Contact  CSRC.  24307  Magic  Mountain  Parkway,  Suite  288, 
Valencia  CA  91355.  (805)  298-4010. 

August  24-26  in  Marco  Island,  Florida.  The  Florida  Society  for 
Respiratory  Care  presents  the  Southernmost  Sandcastle  Seminar  at  the 
Marco  Beach  Hilton  Resort.  Seminar  fees  cover  all  Saturday  meals 
including  a  sunset  buffet  beach  party.  Bring  your  own  musical  instruments 
to  join  our  sing-along  or  win  a  prize  for  the  Best  Sandcastle  on  the 
Beach.  Ample  time  is  planned  for  exhibits.  Deadline  for  reservations 
is  July  12.  Contact  Dave  Robbins  RRT,  Coral  Gables  HospitaL  3100 
Douglas  Rd,  Coral  Gables  FL  33133.  (305)  441-6819. 

OTHER  MEETINGS 

March  23  in  Dayton,  Ohio.  The  Ohio  Association  of  Air  Medical 
Services,  hosted  by  Care  Flight  Air  Ambulance  Service  and  co-hosted 
by  Miami  Valley  Hospital,  meets  at  the  Daytonian  Hilton.  Contact  Margie 
Mahle,  (513)  220-2094. 

April  5-6  in  Cleveland,  Ohio.  Saint  Vincent  Charity  Hospital  and  Health 
Center  presents  its  1  Ith  annual  Respiratory  Care  Seminar.  Contact  Gene 
Andrews,  Pulmonary  Services  Dept,  St  Vincent  Charity  Hospital  and 
Health  Center,  2351  E  22nd  St,  Cleveland  OH  441 15.  (216)  363-2576. 

April  20-22  from  Miami  to  Nassau.  Another  "floating  seminar"  on 
sleep-related  disorders.  Three-day,  two-night  cruise.  Deadline  for 
reservations  is  March  16.  Contact  Dave  Robbins,  (305)  441-6819. 

April  23-24  in  Chapel  Hill,  North  Carolina.  The  Respiratory  Care 
Department  of  UNC  Hospitals  and  the  UNC  Department  of  Pediatrics 
co-sponsor  the  4th  annual  "Current  Concepts  in  Pediatric  and  Neonatal 
Respiratory  Care"  at  the  Kenan  Center  on  the  University  of  North 
Carolina  campus.  Contact  Susan  Hardisty  RRT,  (919)  966-1336. 

April  27-28  in  St  Louis,  Missouri.  The  National  Flight  Paramedics 
and  The  National  Flight  Nurses  Association  co-sponsor  the  Mid- Year 
Air  Medical  Conference  at  the  Embassy  Suites  Hotel.  Contact  conference 
headquarters.  (818)405-9851. 

August  30-September  8,  Hawaiian  cruise  aboard  the  SS  Constitution. 

Dream  Cruises'  4th  Annual  Cruise  for  Continuing  Education  presents 
"Each  One,  Teach  One."  Fly  to  Oahu  for  two  days  in  Waikiki  before 
boarding  ship  to  four  other  ports  and  the  islands  of  Hawaii,  Maui,  and 
Kauai.  Prices  start  at  $1,215  plus  airfare  from  your  gateway  city.  Write 
Dream  Cruises,  10882  La  Dona  Ave,  Garden  Grove  CA  92640.  800- 
462-3628.  California  residents  call  (714)  636-2566. 
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A  60-year-old  male  with  multiple  injuries  from  an  automobile  accident  was 
admitted  to  the  ICU  via  the  OR  after  having  a  tracheostomy  tube  placed. 
The  patient  also  had  a  flail  chest  that  required  ventilation  with  positive  end 
expiratory  pressure  (PEEP).* 


Clinical  Status 


Monitored  Variables 


1  hour  after  admission  to  the  ICU — The 
capnogram  was  noted  to  have  an  irregular 
alveolar  plateau  and  a  low  end-tidal  CO^ 
value.  During  the  expiratory  phase  it  was 
also  noted  that  the  PEEP  level  was  erratic. 
ABG:  PaO^  =  96  mmHg,  PaCO^  =  41  mmHg, 
pH  =  7.32. 


BP 

112/68 

HR 

92BPM 

RR 

12/min 

Etc 

:0^             30  mmHg 

COj 

76 

\r\mr\r^. 


Time 


Upon  carefril  assessment,  a  leak  around  the 
tracheostomy  tube  cuff  was  found.  Manipula- 
tion of  the  tube  did  not  improve  the  alveolar 
plateau.  It  was  determined  that  the  tracheo- 
stomy tube  should  be  changed. 


5  minutes  later — The  tracheostomy  tube  was 
changed  and  there  was  no  longer  a  leak.  The 
capnogram  returned  to  normal  with  a  good 
alveolar  plateau. 


'Actual  Case  Study  on  file  at  Nellcor  Incorporated. 


EtCO. 


38  mmHg 


COj 

76 


Time 


Discussion 


Tracheostomy  cuff  leaks  should  not  be  present  when  patients  require  high  levels 
of  PEEP.  In  this  patient,  the  N-1000  capnographic  waveform  fell  in  the  middle  of 
the  alveolar  plateau  phase  as  a  result  of  the  demand  valve  of  the  ventilator 
opening  to  maintain  a  PEEP  of  10.  During  expiration,  the  PEEP  level  dropped  as 
gas  escaped  around  the  cuff.  The  N-1000  capnogram  was  the  first  indication  that 
there  was  a  tracheal  tube  leak.  Changing  the  tracheal  tube  maintained  the 
optimal  end  expiratory  pressure  and  ventilatory  support. 

The  NELLCOR®  N-1000  provided  an  early  warning  system  which  allowed  for 
patient  assessment  and  clinical  management  in  a  timely  manner. 


NELLCOR 


Nellcor  Incorporated 


25495  Whitesell  Street 
Hayward,  CA  94545  USA 
Circle  160  on  reader  service  card 


Telephone  415  887-5858 
Toll  free  1-800-NELLCOR 


Power  and  Speed 


...a  new  generation 
of  blood  gas 
analysis     ^ 


NEWFROM 
RADIOMETER 

THE  ABL500 


High  performance,  cordless,  miniaturized  electrodes, 
remembrane  in  seconds 

Space-saving  modular  design  with  remote  keypad 
for  data  entry 

Throughput  capacity  of  over  1000  samples  per  day 
with  a  measuring  time  of  only  40  seconds  per  sample 

Up  to  40  measured  and  calculated  parameters 

Small  70ptl  sample  size  with  35/il  pH  only  mode 

Built-in  disk  drive  with  unlimited  patient  and 
quality  control  data  storage 

Safe,  electronically  monitored,  disposable  waste 
system 

Spill-proof,  lid-free,  foil-scaled  reagent  cartridges 

Easy-to-use  /  understand  PC  style  software  with 
pop-up  windows  and  HELP  ftjnction 

User  defined  /  customized  reports 

User  selectable  calibration  frequency  intervals  from 
30  minutes  to  8  hours  or,  if  desired,  after  each 
measurement 

Reagent  level  notification  by  CRT  graphic  display 


RADIOMETER 


AMERICA  INC. 

811  Sharon  Drive,  Westlakc,  OH44U5 
(800)  736-0600,  ext.  222 


Call  for  Abstracts 


Respiratory  Care 
open  forum 

1990  AARC  ANNUAL  MEETING 


The  American  Association  for  Respiratory  Care  and  its  science 
journal,  RESPIRATORY  CARE,  invite  submission  of  brief  abstracts 
related  to  any  aspect  of  cardiorespiratory  care.  The  abstracts 
will  be  reviewed,  and  selected  authors  will  be  invited  to  present 
papers  at  the  Open  Forum  during  the  AARC  Annual  Meeting 
in  New  Orleans,  Louisiana,  December  8-11,  1990.  Accepted 
abstracts  will  be  published  in  the  November  1990  issue  of 
Respiratory  Care.  Membership  in  the  AARC  is  not  necessary 
for  participation. 

Specifications 
Please  Read  Carefully 

An  abstract  may  report  (1)  an  original  study,  (2)  the 
evaluation  of  a  method  or  device,  or  (3)  a  case  or  case  series. 
Topics  may  be  aspects  of  adult  acute  care,  continuing  care/ 
rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  health  occupations  education,  or  management  of 
personnel  and  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  national — 
meeting  and  should  not  have  been  published  previously  in  a 
national  journal. 

The  abstract  will  be  the  only  evidence  by  which  the  reviewers 
will  decide  whether  the  author  should  be  invited  to  present  a 
paper  at  the  Open  Forum.  Therefore,  the  abstract  must  provide 
all  important  data,  findings,  and  conclusions.  Give  specific 
information.  Do  not  write  such  general  statements  as  "Results 
will  be  presented"  or  "Significance  will  be  discussed." 
Essential  Content  Elements 

An  original  study  abstract  must  include  (1)  Introduction: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  sufficient 
detail  to  permit  judgment  of  validity;  (3)  Results:  statement  of 
research  findings  with  quantitative  data  and  statistical  analysis; 
(4)  Conclusions:  interpretation  of  the  meaning  of  the  results. 

A  method/device  evaluation  abstract  must  include  (1) 
Introduction:  identification  of  the  method  or  device  and  its 
intended  function;  (2)  Method:  description  of  the  evaluation  in 
sufficient  detail  to  permit  judgment  of  its  objectivity  and  validity; 
(3)  Results:  findings  of  the  evaluation;  (4)  Experience:  summary 
of  the  author's  practical  experience  or  a  notation  of  lack  of 
experience;  (5)  Conclusions:  interpretation  of  the  evaluation  and 
experience.  Cost  comparisons  should  be  included  where  possible 
and  appropriate. 

A  case  report  abstract  must  report  a  case  that  is  uncommon 
or  of  exceptional  teaching/learning  value  and  must  include:  (1) 
case  summary  and  (2)  significance  of  case.  Content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 


actively  involved  in  the  case  and  a  case-managing  physician  must 
be  a  co-author  or  must  approve  the  report. 
Abstract  Format  and  Typing  Instructions 

An  optical  scanner  will  be  used  to  process  abstracts.  Do  not 
use  a  dot-matrix  printer.  First  fine  of  abstract  should  be  the 
title.  Title  should  explain  content.  Type  the  abstract  double- 
spaced  on  plain  white  borul  paper,  on  one  page  only  (copier 
bond  is  excellent).  Do  not  underline  or  boldface  and  insert  only 
one  letter  space  between  sentences.  Provide  a  1-inch  margin  top 
and  bottom,  a  1/2  inch  left  margin,  and  an  approximate  1/ 
2  inch  ragged  right  margin. 

No  identification  of  authors  or  institutions  is  to  appear  on 
the  abstract  sheet  or  in  the  abstract  itself  Make  the  abstract 
all  one  paragraph.  Data  may  be  submitted  in  table  form  provided 
the  table  width  is  limited  to  60  letter  spaces  (ie,  letters  or 
numbers  plus  necessary  blank  spaces  =  60).  No  figures  or 
illustrations  are  to  be  attached  to  the  abstract. 

Type  all  information  required  to  complete  the  author 
information  form  on  the  other  side  of  this  page.  A  photocopy 
of  good  quality  may  be  used. 

Standard  abbreviations  may  be  employed  without  explanation. 
A  new  or  infrequently  used  abbreviation  should  be  preceded 
by  the  spelled-out  term  the  first  time  it  is  used.  Any  recurring 
phrase  or  expression  may  be  abbreviated  if  it  is  first  explained. 

Check  the  abstract  for  (1)  errors  in  spelling,  grammar,  facts 
and  figures;  (2)  clarity  of  language;  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may  not 
be  reviewed. 

Questions  about  abstract  preparation  may  be  telephoned  to 
the  editorial  staff  of  Respiratory  Care  at  (214)  243-2272. 
Deadlines 

The  mandatory  Final  Deadline  is  June  9  (postmark).  Authors 
will  be  notified  of  acceptance  or  rejection  by  letter  only — to 
be  mailed  by  August  1 5. 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
received  by  March  26  will  be  reviewed  and  the  authors  notified 
by  May  I.  Rejected  abstracts  will  be  accompanied  by  a  written 
critique  that  should  in  many  cases  enable  authors  to  revise  their 
abstracts  and  resubmit  them  by  the  final  deadline  (June  9). 
Mailing  Instructions 

Mail  I  copy  of  the  abstract,  I  author  information  sheet,  and 
a  stamped,  self-addressed  postcard  (for  notice  of  receipt)  to: 

Respiratory  Care 

PO  Box  29686 

Dallas  TX  75229 
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In  the  highly  crowded  field  of  pulse  oximetry, 
one  product  achieves  a  perfect  balance  of 
portability,  size  and  price  advantages.  The 
MiniOX™IV. 

The  MiniOX  IV  provides  continuous  SaO?  moni- 
toring, portable  spot  checking,  and  program- 
mable audible  and  visual  alarms  in  a  compact 
14  ounce  package.  It  operates  continuously  for 
more  than  200  hrs.  on  a  standard  9  volt  battery. 
The  sensor  probe,  with  10  ft.  extension  cord, 
gives  you  room  to  maneuver.  And  the  reliability 
of  the  system  is  assured  by  MSA  Catalyst 
Research,  a  leader  in  oxygen  sensor  and  pace- 
maker battery  technology. 


Continuous  pulse  oximetry 
that  goes  anywhere  you  go. 


OXIMETER 


'iiw.  imun" 


For  respiratory  therapy,  intensive  care,  recovery 
room,  and  other  applications,  the  MiniOX  IV 
will  help  you  monitor  more  patients  with  less 
investment. 

For  more  information  call  1-800-851-4500. 

CATALYST 
RESEARCH 

3706  CrondatI  Lane.  Owings  Mills,  MD  21117  USA 
301/356-2400  TLX:  87-768 


Circle  142  on  reader  service  card 


Your  Advocate  At 
Professional  Medical  Products 


superior  respiratory 
-     equipment" 

The  Seamless/Dart  line  of  respiratory  products  is 
now  produced  by  Professional  Medical  Products, 
the  company  with  a  built-in  customer  advocate. 

"I  speak  for: 

.  n  Safety 

I 

D  Reliability 
;  n  Ease  of  assembly  and  application 

D  Precision  manufacturing 
D  Economy 
D  Ongoing  research  and  development 

I  watch  to  see  that  production  is  done 
with  care.  I  protect  the  interests  of  those 
who  use  our  products.  I  speak  for  you." 


RE/PIRATORy  C^RE 


Instructions  for  Authors  and  Typists 


These  Instructions  are  meant  to  guide  authors  and  typists,  including 
veterans  in  those  roles,  in  the  production  of  quality  manuscripts.  Perfection 
is  not  expected,  but  the  well-prepared  manuscript  has  the  best  chance 
for  prompt  review  and  early  publication. 

General  Requirements 

Submissions  should  (1)  be  related  to  respiratory  care.  (2)  be  planned 
for  one  of  the  publication  categories  below,  and  (3)  be  prepared  as 
indicated  in  these  Instructions.  A  letter  accompanying  the  manuscript 
must  specify  the  intended  publication  category,  be  signed  by  all  the  authors, 
and,  when  there  are  two  or  more  authors,  state  that  "We,  the  undersigned, 
have  all  participated  in  the  work  reported,  read  the  accompanying 
manuscript,  and  approved  its  submission  for  publication." 

Publication  Categories 

Research  Article  (Study):  A  report  of  an  original  investigation. 

Evaluation   of  a   Device/ Method/Technique:   A   description   and 

evaluation  of  an  old  or  new  device,  method,  technique,  or  modification. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon  or  of 

exceptional  teaching  value.  The  author(s)  must  have  been  associated 

with  the  case.  A  case-managing  physician  must  be  one  of  the  authors 

or.  if  not  an  author,  must  supply  a  letter  approving  the  manuscript. 

Case  Series:  Like  a  Case  Report  but  including  a  number  of  cases. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature  and 

state  of  the  art  of  a  pertinent  topic  that  has  been  the  subject  of  40 

or  more  published  research  papers. 

Overview:  A  critical  review  of  a  pertinent  topic  about  which  not  enough 

research  has  been  published  to  merit  a  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 

critically  reviewed  (not  necessarily  in  this  journal). 

Point  of  View:  A  paper  expressing  the  author's  personal  opinions  on 

a  pertinent  topic. 

Special  Article:  If  a  paper  does  not  fit  one  of  the  foregoing  categories 

but  is  pertinent,  the  editors  may  consider  it  as  a  Special  Article. 

Editorial:  A  paper  that  draws  attention  to  a  pertinent  concern. 

Letter:  A  signed  communication  about  material  published  in  this  journal 

or  on  topics  of  interest  or  value  to  readers. 

Blood  Gas  Comer:  A  brief,  instructive  case  report  (real  or  fictional) 

involving  invasively  or  noninvasively  obtained  respiratory  care  blood 

data,  followed  by  questions  for  readers — with  answers  and  discussion. 

PFT  Comer:  Like  Blood  Gas  Corner  but  involving  pulmonary  function 

testing. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner  and  PFT  Corner 

but  involving  pulmonary-medicine  radiography  and  including  one  or 

two  4  X  5  or  5  X  7  inch  prints  of  radiographs.  The  case  must  be  real. 

Review  of  Book,  Film,  Tape,  or  Software:  Anyone  interested  in  writing 

a  review  can  discuss  it  with  an  editor. 

Editorial  Consultation  and 
Author's  &  Typist's  Kit 

To  discuss  a  writing  project,  write  to  Respiratory  Care,  PO  Box 
29686,  Dallas  TX  75229  or  call  214/243-2272. 

Authors  are  urged  to  obtain  the  Respiratory  Care  Author's  &  Typist's 
Kit.  The  Kit  provides  authors  with  specific  guidance  about  writing  a 
research  paper,  writing  a  case  report,  converting  to  and  from  SI  units, 


and  in-house  manuscript  review.  Typists  can  use  the  Kit's  Model 
Manuscript,  a  list  of  journal  name  abbreviations,  and  a  copy  of  these 
Instructions.  The  Kit  is  free  from  the  Journal  office. 

Preparing  the  Manuscript 
General  Concerns — Typist 

•  Double-space  ALL  lines,  including  those  in  references,  figure  legends, 
and  tables.  Do  not  justify  right  margins. 

•  Number  pages  in  upper  right  corner  and  leave  margins  of  IW"  or 
more  on  all  four  sides  of  the  page. 

•  For  research  articles,  follow  format  of  Model  Manuscript,  Respir  Care 
1984;29:l82(Feb  1984). 

•  Meticulously  follow  instructions  for  typing  references. 

General  Concerns — Author: 

•  Structure  manuscript  as  specified  hereafter. 

•  Provide  all  requested  information  on  title  page  as  specified  hereafter. 

•  Proofread  manuscript  for  completeness,  clarity,  grammar,  spelling; 
be  sure  all  references,  figures,  and  tables  are  cited  in  the  text. 

•  Consider  having  paper  reviewed  in-house  before  submis.sion. 

•  Have  all  co-authors  proofread  and  approve  manuscript  and  sign 
submission  letter. 

Manuscript  Stmcture 

Most  kinds  of  papers  have  standard  parts  in  a  standard  order.  However, 
papers  can  vary  individually,  and  not  every  paper  will  have  all  the  parts 
listed  here. 

Research  Article:  Title  page,  abstract  page,  continuous  text  (Introduction, 
Materials  &  Methods,  Results,  Discussion),  Product  Sources  page. 
Acknowledgments  page,  references,  tables,  figure  legends.  Please  consult 
"Writing  a  Research  Paper,"  Respir  Care  1985;30:1057  (Dec  1985) 
and  Model  Manuscript,  Respir  Care  1 984:29:182  (Feb  1984). 
Evaluation  of  Device/Method/Technique:  Title  page,  abstract  page, 
continuous  text  (Introduction,  Description  of  Device/Method/Technique, 
Methods  of  Evaluation,  Results  of  Evaluation.  Discussion),  Product 
Sources  page.  Acknowledgments  page,  references,  tables,  figure  legends. 
Case  Report  or  Case  Series:  Title  page,  abstract  page,  continuous  text 
(Introduction,  Case  Summary.  Discussion),  Acknowledgments  page, 
references,  tables,  figure  legends.  Also  see  "How  To  Write  a  Better  Case 
Report."  Respir  Care  1982;27:29  (Jan  1982). 

Review  Article:  Title  page.  Table  of  Contents  page,  continuous  text 
(Introduction,  History,  Review  of  Literature,  State  of  the  Art,  Discussion, 
Summary),  references.  May  include  figures  &  tables.  No  abstract.  Table 
of  Contents  optional.  Other  formats  may  be  appropriate. 
Overview,  Update,  Point  of  View,  or  Special  Article:  Title  page,  text 
(introduction,  message),  references,  tables,  figure  legends.  No  abstract. 
Letter:  Title  page  (provide  a  title),  text,  writer's  name  &  affiliation, 
references.  Tables  &  figures  may  be  included.  Double-space  everything. 
Write  "For  Publication"  on  title  page. 

Stmcture:  Important  Details 

Title  Page:  List  title  of  paper,  all  authors'  full  names,  degrees,  credential 
letters,  professional  positions,  and  affiliations.  List  correspondence  address, 
telephone  number,  and  reprint  address  if  desired.  Name  sources  of  grants 
or  other  support.  Identify  any  author's  consulting  or  commercial 
relationships  that  pertain  to  the  paper's  topic. 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPISTS 


Abstract  Page:  Number  this  Page  I.  List  paper's  title  but  omit  authors' 
names.  Abstract  should  be  200  words  or  less  and  must  be  informative, 
briefly  specifying  main  points  of  paper,  such  as  methods,  results,  and 
conclusions  drawn. 

Statistical  Analysis:  In  research  articles,  identify  statistical  tests  and  chosen 
level  of  significance  in  the  Methods  section.  In  Results  section,  report 
actual  P  values. 

Figures  (illustrations):  All  photographs,  diagrams,  &  graphs  must  be 
numbered  as  Figure  1.  Figure  2.  etc.  according  to  the  order  in  which 
each  is  first  mentioned  in  the  text.  Photographs  must  be  glossy  prints 
5  X  7  to  8  X  10  inches  and  should  be  black  &  white  unless  color 
is  essential.  Letters  and  numerals  must  be  neat  and  large  enough  to 
remain  legible  if  figure  is  reduced  in  size  for  publication.  Final  figures 
must  be  of  professional  quality,  but  'rough'  sketches  may  accompany 
the  submitted  manuscript,  with  final  figures  to  be  prepared  after  review. 
Identify  each  figure  on  back  with  a  stick-on  label  showing  figure  number 
and  arrow  indicating  top;  omit  author's  name.  Cover  label  with  clear 
tape  so  ink  will  not  smudge  other  prints.  Supply  three  sets  of  unmounted 
figures.  If  figure  has  been  published  before,  include  copyright-holder's 
written  permission  to  use  it. 

Figure  Legends:  List  figure  legends  on  a  separate  page,  not  on  figures. 
If  a  figure  has  been  published  before,  list  the  source  in  the  legend. 
Tables:  Type  each  table  on  a  separate  page.  Avoid  more  than  8  columns 
across.  Continue  a  deep  table  on  following  pages.  Give  each  table  a 
number  and  descriptive  title,  placed  above  the  table.  Double-space  ALL 
lines  in  tables,  including  column  headings  and  footnotes. 
Drugs:  Brand  names  may  be  given,  but  always  also  show  generic  names. 
Units  of  Measurement:  In  addition  to  conventional  units  of  measure, 
show  SI  values  and  units  in  brackets  after  conventional  expressions:  ie. 
"PEEP.  10  cm  H2O  [0.981  kPa]."  For  conversion  to  SI.  see  Respiratory 
Care  1988;33:861-873  (Oct  1988). 

Commercial  Products:  If  three  or  fewer  commercial  products  are  named 
in  the  text,  list  the  manufacturer's  name  and  location  in  parentheses 
the  first  time  each  is  mentioned.  If  four  or  more  products  are  named, 
do  not  list  manufacturers  in  the  text;  instead,  name  the  products  and 
manufacturers  in  a  Products  Sources  list  at  the  end  of  the  text.  Provide 
model  numbers  when  available. 

Abbreviations:  Use  an  abbreviation  only  if  the  term  occurs  several  times 
in  the  paper.  Write  out  the  full  term  the  first  time  it  appears,  followed 
by  the  abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Do  not  create 
new  abbreviations  unless  absolutely  necessary. 

References: 

•  Use  references  to  support  statements  of  fact,  indicate  sources  of 
information,  or  guide  readers  to  further  pertinent  literature. 

•  Cite  only  published  works — or  works  accepted  for  publication.  When 
listing  an  accepted  but  still  unpublished  work,  designate  the  accepting 
journal's  name,  followed  by  "(in  press)." 

•  In  the  text,  cite  references  by  superscript  numerals  (half  space  above 
text),  not  in  parentheses.  The  first  reference  cited  in  the  text  is  number 
I .  the  next  is  number  2,  etc. 

•  In  the  reference  list,  place  the  cited  works  in  numerical  order. 

•  For  the  reference  list,  obtain  author  names,  article  and  book  titles, 
dates,  volume  and  page  numbers  from  the  original  cited  articles  and 
books,  not  from  secondary  sources  such  as  other  articles'  reference  lists, 
which  often  are  inaccurate. 

•  Type  references  in  medical-journal  style.  Examples  appear  at  the  end 
of  these  Instructions.  Abbreviate  journal  names  as  in  Index  Medicus. 
A  list  of  many  journal-name  abbreviations  was  published  in  Respir  Care 
l988;33:l050(Nov  1988). 

•  DOUBLE-SPACE  the  lines  of  references 

•  List  ALL  authors'  names.  Do  not  use  "et  al"  to  substitute  for  names. 

•  Identify  abstract,  editorials,  and  letters  as  such.  See  examples. 

Penonal  Communications.  Unpublished  Papers,  and  UnpuMLshed 
ObnervBliom:  List  unpublished  items  in  parentheses  in  the  text,  not 
in  the  reference  list. 


Examples  of  How  To  Type  References 

Notes:  Although  the  examples  here  are  printed  with  single-spaced  lines, 
please  double-space  references  in  manuscripts.  Also,  note  that  words 
in  article  and  b<x>k  titles  are  not  capitalized — except  proper  names. 

Standard  Journal  Article: 

1.  Shepherd  KE,  Johnson  DC.  Bronchodilator  testing:  An  analysis  of 
paradoxical  responses.  Respir  Care  1988;33:667-671. 

Corporate  Author  Journal  Article: 

2.  American  Association  for  Respiratory  Care.  Criteria  for  establishing 
units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988;33:1044-1046. 

Article  in  Journal  Supplement: 

(Journals   differ   in   their   methods   of  numbering   and   identifying 

supplements.  Supply  suflTicient  information  to  allow  retrieval.) 

3.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
I986;89(3,  suppl):l39s-l43s. 

Abstract  in  Journal: 

(Abstracts  are  not  strong  references;  when  possible,  full  papers  should 

be  cited.  When  cited,  abstracts  should  be  identified  as  such.) 

4.  Lippard  DL.  Myers  TF,  Kahn  SE.  Accuracy  of  pulse  oximetry  in 
severely  hypoxic  infants  (abstract).  Respir  Care  I988;33:886. 

Editorial  in  Journal: 

5.  Rochester  DF.  Does  respiratory  muscle  rest  relieve  fatigue  or  incipent 
fatigue?  (editorial).  Am  Rev  Respir  Dis  1988;138:516-517. 

Letter  in  Journal: 

6.  Smith  DE.  Herd  D,  Gazzard  BG.  Reversible  bronchoconstriction 
with  nebulised  pentamidine  (letter).  Lancet  1988;2:905. 

Personal  Author  Book: 

7.  Nunn  JF.  Applied  respiratory  physiology.  New  York:  Appleton- 
Century-Crofts.  1969. 

Note:  To  specify  pages  cited  in  a  book,  place  a  colon  after  the  year 
and  then  list  the  page(s).  Examples:  1969:85  (one  page),  1963:85-95 
(series  of  contiguous  pages).  I%3:85,95  (separated  pages). 
Corporate  Author  Book: 

8.  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group,  1977. 

Book  with  Editor,  Compiler,  or  Chairman  as  'Author': 

9.  Guenter  CA,  Welch  MH.  eds.  Pulmonary  medicine.  Philadelphia: 
JB  Lippincott.  1977. 

Chapter  in  Book: 

10.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH, 

eds.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott,  1977:171- 

223. 

Submitting  the  Manuscript 

After  preparing  the  manuscript  according  to  these  Instructions,  perform 
a  final  proofreading  and  check  for  accuracy  and  completeness.  Then 
mail  three  copies  of  the  manuscript  and  three  sets  of  figures  to 
Respiratory  C are,  PO  Box  2%86,  Dallas  TX  75229  (or  Federal  Express 
to  Respiratory  Care,  1 1030  Abies  Une,  Dallas  TX  75229).  Manuscript 
copy  on  IBM-compatible  or  Macintosh  disks  in  addition  to  the  requisite 
three  hard  copies  will  facilitate  processing  (Macintosh  preferred).  Enclose 
a  letter  as  specified  under  General  Requirements  at  the  beginning  of 
these  Instructions.  Do  not  submit  material  that  has  been  published  or 
is  being  considered  elsewhere. 

Author's  Checklist 

1 .  Is  paper  for  a  listed  publication  category? 

2.  Does  cover  letter  meet  specifications? 

3.  Is  title  page  complete? 

4.  Are  all  pages  double-spaced  and  numbered? 

5.  Are  all  references,  figures,  and  ubies  cited  in  the  text? 

6.  Are  references  typed  in  requested  style? 

7.  Have  SI  values  been  provided? 

8.  Has  all  arithmetic  been  checked? 

9.  Has  manuscript  been  proofread  by  all  authors? 
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News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this 
section.  There  is  no  charge  for  these  listings.  Send  descriptive  release  and  glossy  black  and 
white  photographs  to  Respiratory  Care  Journal,  New  Products  and  Services  Dept,  Box 
29686,  Dallas  TX  75229. 


New  Products 
&  Services 


PORTABLE  VENTILATOR.  The 

Uni-Vent  Model  750  Portable  Venti- 
lator is  designed  to  be  used  for  trauma, 
transport,  and  ICU  purposes.  Features 


include:  Control,  A-C,  and  SIMV 
operating  modes;  a  self-synchronizing 
manual  trigger;  an  adjustable  sensitivity 
control  for  A-C  and  SIMV  triggering; 
individual  controls  for  low  and  high 
pressure  alarms;  peak,  mean,  and 
current  airway  pressure  monitoring; 
and  adjustable  flow  rates  to  100  L/ 
min.  According  to  the  manufacturer, 
the  750's  complete  range  of  controls 
permits  full-spectrum  operation  from 
neonates  to  adults;  and  its  electronic 
circuitry,  unlike  pneumatics,  is  unef- 
fected  by  altitude,  vibration,  and 
temperature  extremes.  The  750's  AC 
power  supply  permits  selectable  oper- 
ation from  1 15/230  VAC,  50/400  Hz; 
direct  plug-in  connections  can  be  made 
from  external  power  sources  such  as 
ambulance  or  aircraft  electrical  systems 
without  special  adapters  or  converters; 
direct  plug-in  of  any  voltage  source 
between  11-30  volts  AC  (50-400  Hz) 


or  1 1-30  volts  DC  (positive  or  negative 
ground)  is  permissable.  The  standard, 
self-contained  rechargeable  battery 
provides  up  to  9  h  of  use  (a  1 3-h  battery 
is  also  available);  automatic  switching 
from  external  power  to  internal 
batteries  occurs  when  external  power 
is  interrupted  (and  vice  versa).  The 
Model  750,  including  battery  pack, 
weighs  less  than  10  lb.  Impact  Medical 
Corp,  Dept  RC,  PC  Box  508,  West 
Caldwell  NJ  07006.  (201)  882-1212. 


ASTM  PUBLICATIONS  CATA- 
LOG. The  1990  Publications  Catalog 
of  the  American  Society  for  Testing 
&  Materials  (ASTM)  describes  68 
volumes  of  the  Annual  Book  of 
ASTM  Standards  and  several 
hundred  ASTM  special  technical 
publications,  compilations,  data  series, 
manuals,  and  standard  adjuncts. 


Extend  the  borders  of  your  career  — 

with  an  overseas  opportunity  through  AMI  Saudi  Arabia  Ltd. 


Opportunities  are  now  available  within  the  presti- 
gious King  Fahd  Military  Medical  Complex  In 
Dhahran  and  the  King  Fahd  Hospital  in  Al  Baha, 
Saudi  Arabia.  Current  openings  are  available  for: 

REGISTERED  RESPIRATORY  THERAPISTS 
AND  CRTT'S 

Requirements  include: 

■  Heavy  adult  and  neonatal  critical  care 
experience 


Your  single  status  assignment  in  Saudi  Arabia 
features: 

n  One  or  two  year  assignments,  renewable 

a  Tax-free  income,  as  qualified 

D  Free,  furnished  housing  and  utilities 

D  On-site  recreation  center 

O  Generous  holiday  and  vacation  benefits 

D  Excellent  medical/dental/life  insurance  plan 

n  Numerous  travel  opportunities 

Discover  how  far  your  career  plans  can  take  you. 
Find  out  more  by  calling  or  forwarding  resume 
to:  Arabian  Medical  International,  Inc.,  5718 
Westheimer,  Suite  1810,  Houston,  TX  770S7. 
Call  (800)  537-1026.  In  Houston,  call  975-9000. 

SAUDI  ARABIA  LTD. 

Where  your  ambitions  can  take  you. 


At 


ft 


Saudi  Arabia 


ASTM  standards  and  its  related 
technical  publications  are  used  world- 
wide to  specify  materials,  assure 
quality,  integrate  production  processes, 
promote  trade,  and  enhance  safety.  The 
catalog  is  available  upon  request. 
ASTM  Customer  Service,  Dept  RC, 
1916  Race  St,  Philadelphia  PA  19103. 
(215)  299-5585. 


AHA  CATALOG.  The  1990  Catalog 
of  the  American  Hospital  Association 
(AHA)  Catalog  is  a  listing  of  books, 
periodicals,  reports,  guidelines,  audio- 
video  programs,  ad  data  products 
produced  by  the  AHA.  New  this  year 
is  a  section  on  AHA  services  including 
awards  programs,  consulting,  educa- 
tional programs,  information  and  data. 


insurance  programs,  investment 
programs,  and  membership.  The 
catalog  is  available  upon  request. 
American  Hospital  Association, 
Marketing  Communications  Depart- 
ment, Dept  RC,  840  North  Lake  shore 
Drive,  Chicago  IL  606 1 1 .  (800)  AH  A- 
2626. 


Refurbished 
Respiratory  Equipment 


SAVE 


VENTILATORS 

Bear,  Siemens,  Puritan  Bennett, 
Engstrom,  Sechrist,  Healthdyne, 
Bird,  Emerson,  Ohmeda 

HOMECARE  VENTILATORS 

Lifecare,  Aequitron,  Bennett 

PULSE  OXIMETERS 

Nellcor,  Ohmeda,  Marquest, 
Novametrix 

>  CO-OXIMETERS 

Corning, 

Instrumentation  Laboratory 

>  BLOOD  GAS  ANALYZERS 

Corning,  AVL,  Radiometer, 
Instrumentation  Laboratory 


Available  for  immediate  shipment  or  delivery.  Evaluate  our 

equipment  with  no  obligation.  Prices  include  all  standard 

accessories,  delivery,  installation  and  training.  Extended 

warranty,  lease-purchase,  rental  plans  available. 

CALL  FOR  OUR  COMPLETE  PRODUCT  CATALOG 
DEALER  INQUIRIES  INVITED 


% 


General  Biomedical  Service,  Inc. 

2601  Lexington  Avenue 

New  Orleans,  LA  70062 

(504)468-8597    (800)558-9449 


Circle  151  on  raadcf  mtvIc*  card 


HYPERTHERMIC  THERAPY 
DEVICE  FOR  RHINITIS.  Accord- 
ing to  the  manufacturer,  the  Rhino- 
therm  Ultra  2  projects  heated,  humid- 
ified air  deep  into  the  nasal  passages 
to  provide  relief  for  the  symptoms  of 
colds  and  allergies.  Rhinotherm 
therapy  is  based  upon  research  by 
Nobel  Prize  winner  Andre  Lwoff  of 
the  Pasteur  Institute.  According  to  the 
manufacturer,  the  Rhinotherm  Ultra  2 
utilizes  a  microprocessor-controlled 
ultrasonic  transducer  to  maintain  a 
humidified  stream  of  air  at  a  safe, 
optimally  effective  temperature  of 
100  °F;  LwofTs  research  showed  that 
the  rhinovirus  did  not  multiply  at 
temperatures  above  97  °F  and  that 
hyperthermia  was  effective  in  blocking 
viral  replication.  Utilizing  only  water, 
rhinotherm  therapy  represents  a  drug- 
free  approach  in  the  treatment  of 
rhinitis.  A  packet  that  contains  back- 
ground information  and  an  index  of 
clinical  studies  pertaining  to  Rhino- 
therm therapy  is  available  upon 
request.  TwinMed  Products  Inc,  Dept 
RC,  2601  Ocean  Park  Blvd,  Santa 
Monica  CA  90405.  (213)  392-5586. 


STROKE  OF 
GENIUS 

The  revolutionary  Respironics'  BagEasy" . . . 
Unconventional  wisdom  in  disposable 
resuscitators. 

When  you  told  us  what  patients  needed  most  from  a  dispos- 
able resuscitator,  we  listened.  That's  why  BagEasy  was  designed 
to  combine  high  tidal  volume  with  maximum  Fi02  to  deliver 
optimal  manual  ventilation  . . .  stroke  after  stroke. 

Design  integrity  is  also  why  BagEasy  has  a  revolutionary  look. 
It's  not  different  to  be  different.  It's  different  to  work  better  Con- 
sider these  creative  and  practical  BagEasy  advantages: 


jS*':-ftr„ 


•  The  new  Circle  Seal™  mask  system  conforms  to  most  facial 
structures. 

•  A  pliant  bag  delivers  stroke  volumes  of  up  to  1700  cc,  regard- 
less of  hand  size. 


•  Delivery  of  100%  O2  concentration  at  1200  cc  tidal  volume. 

•  A  superior,  built-in  adjustable  PEEP  valve  with  a  range  of  3  to 
15  cm  H2O. 

•  Double  swivels  and  controlled  flexibility  features  help  make 
the  patient  —  and  the  user  —  more  cornfortable  . . .  especially 
during  transport. 

•  The  design  of  an  up-front  O2  reservoir  allows  you  to  monitor 
oxygen  administration  while  keeping  your  attention  on  the 
patient . . .  and  provides  access  to  tiie  back  of  the  bag  for  greater 
stroke  volume. 

•  A  choice  of  three  sizes:  adult,  child  and  infant. 

At  the  head  of  its  class. 

In  independent  tests  and  technical  evaluations,  BagEasy  consis- 
tently finishes  in  the  top  of  its  field.  In  fact,  every  BagEasy  product 
meets  or  exceeds  ASTM  F-920-85  standards. 

Shouldn't  you  give  BagEasy  a  test  of  your  own?  Call  Respironics 
now  at  1-800-EASY-USA  to  arrange  a  demonstration. 


RESPIRONICS  INC 


530  Seco  Road,  Monroeville,  PA  15146 

(800)  EASY-USA:  In  PA  (412)373-8114 

Fax:  (412)373-1183  Telex:  0866298  RESPIRON 
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Make  The  Right  Choice 

ABROCHAMBER®  is  fast  becoming  the  choice  over  Small  Volume  Nebulizer  for  better 
delivery  of  aerosolized  medications.  The  AEROCHAMBER  is  as  efficient  and  effective 
as  the  use  of  SVN.'"  With  the  new  FLOWSIGnal™,  the  patient  is  encouraged  to  inhale 
correctly  to  obtain  the  optimum  benefit  from  the  medications  (MDI). 
AEROCHAMBER  can  a\so  provide  significant  cost  savings.'^' 
For  immediate  response  to  medications  with  the  minimum  of  time  and  effort, 
you  now  have  a  choice.  When  you  see  all  the  advantages  of  AEROCHAMBER  compared  with  SVN, 
you  will  agree,  AEROCHAMBER  is  the  right  choice.  For  more  inprmation,  call  or  write: 

Improving  The  Future  Today 


MONAGH AN  MEDICAL  CORPORATION 

P.O.  Box  978,  Hattsburgh,  NY  12901   800/833-%53   In  NY  518/561/7330   Telex  957024 

(1)  Salznun  GA,  Pyszczynski  DP,  Jouinal  of  Asthma  23(6),  297-31 0  (1986)  A  Comparison  of  Two  Delivery  Metliods  for  Aerosolized  Metaproterenol  Sulfate 

(2)  Ref.  Berenberg  MJ,  Baigelman  W,  Cupptes  LA,  Pearce  L.  Comparison  of  metered  dose  inhaler  attached  to  an  AEROCHAMBER  with  an  updraf t 

nebulizer  for  the  administration  of  metaproterenol  in  hospitalized  patients.  Journal  of  Asthma,  22:  87-92  (1985) 
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DHD  PALM  CUPS  !@S&« 


SOFTER,  ROUNDER  DESIGN  FOR  EASIER,  MORE  COMFORTABLE  USE  ON  ALL  PATIENTS. 


N 


ewly  designed  for  increased  patient  comfort 
and  therapist  efficiency,  DHD  Palm  Cups  are  molded 
from  fiigh-quaiity  soft  vinyl.  Manual  percussion  for  pos- 
tural drainage  can  be  performed  with  the  highest  degree  of 
uniformity  and  most  consistent  resonance  from  one  user  to  the  next. 

Available  in  four  sizes — Neonatal,  Pediatric,  Medium  and  Large — 
DHD  Palm  Cups  can  be  ordered  through  your  local  DHD  Distributor  For 
the  name  of  the  DHD  Distributor  in  your  area  call  our  toll  free  customer 
service  number  1-800-847-8000. 


® 


DHD 

Medical 

Products 


SIZE 

REORDER  # 

NEONATAL 

DHD  55-4033 

PEDIATRIC 

DHD  55-4045 

MEDIUM 

DHD  55-4060 

LARGE 

DHD  55-4090 

DMsion  of  Diemolding  Corporation 
12S  Risbach  Street 
CatMStota.  NY  13032 
(315)  697-2221 
1-800-847-8000 
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